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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve availability of light 
of a front light. 

SOLUTION: This front light has a light source 102 a light 
guide plate 101, and a plurality of prism-like lenses 106, in 
contact with the lower face of the light guide plate 101. The 
cross section of the prism-like lens 106 along a plane 
perpendicular to the side face of the lens is an isosceles 
trapezoid in form. An obtuse angle &phiv;out of the 
isosceles trapezoid and the critical angle 9c for the total 
reflection of the prism-like lens 1 06 are related by 90<8out< 
90+Oc. When the light from the light source 102 enters the 
cylindrical lens 106, since the light is reflected by the side 
faces corresponding to the inclined lines of the trapezoid 
and then exits through the lower face 106b, the pixel 
electrodes of a liquid crystal panel can be illuminated in the 
perpendicular direction. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the front light which has the light source, a light guide plate, and two or more pillar- 
shaped lenses that touch the inferior surface of tongue of said light guide plate. The decision side 
by the flat surface perpendicular to the side face of said pillar-shaped lens is an isosceles trapezoid 
The front light characterized by being 90<phi<=90+theta when the flat surface which the raised 
bottom of said isosceles trapezoid of said pillar-shaped lens builds touches the inferior surface of 
tongue of said light guide plate, sets the obtuse angle of said isosceles trapezoid to phi and sets the 
critical angle of the total reflection of said pillar-shaped lens to theta. 

[Claim 2] Are the front light which has the light source, a light guide plate, and two or more pillar- 
shaped lenses that touch the inferior surface of tongue of said light guide plate, and the decision 
side by the flat surface perpendicular to the side face of said pillar-shaped lens It is a graphic form 
symmetrical with a line to the perpendicular passing through the middle point of the opposite side 
which is surrounded on all sides which becomes in the opposite side which becomes in an parallel 
straight line, and the opposite side which becomes with a curve, and becomes in said straight line. 
Said pillar-shaped lens touches said light guide plate at the flat surface at which the short side is 
included among the opposite sides which become in said straight line, and is set in a graphic form 
symmetrical with said line. It is the front light characterized by the angle which the normal in the 
point of the arbitration of one [ said ] curve and the straight line which connected the intersection 
of the curve of said another side and said short side and the point of said arbitration make being in 
the range of **three critical angles of the total reflection of said pillar-shaped lens. 
[Claim 3] It is the front light characterized by the refractive index of said pillar-shaped lens being 
equal to said light guide plate in claim 1 or 2. 

[Claim 4] It is the front light characterized by forming said pillar-shaped lens with the same 
ingredient as said light guide plate in claim 1 or 2. 

[Claim 5] It is the front light which has the light source, a light guide plate, and two or more body- 
of-revolution-like lenses that touch the inferior surface of tongue of said light guide plate. The 
configuration of said body-of-revolution-like lens Are the body of revolution used as a revolving 
shaft, and a graphic form symmetrical with a line to the perpendicular passing through the middle 
point of the opposite side which is surrounded on all sides which becomes in the opposite side 
which becomes in an parallel straight line, and the opposite side which becomes with the curve 
which counters, and becomes in said straight line is set for said perpendicular in a graphic form 
symmetrical with said line. The angle which the straight line which connects an intersection with the 
short side of the opposite side which becomes in the normal in the point of the arbitration of one 
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curve, and the curve and said straight line of said another side, and the point of said arbitration 
makes It is the front light which is in the range of **three critical angles of the total reflection of 
said body-of-revolution-like lens, and is characterized by said body-of-revolution-like lens being in 
contact with said light guide plate at the flat surface which said short side builds. 
[Claim 6] It is the front light characterized by the refractive index of said body-of-revolution-like 
lens being equal to said light guide plate in claim 5. 

[Claim 7] It is the front light characterized by the ingredient of said body-of-revolution-like lens 
being the same as said light guide plate in claim 5. 

[Claim 8] It is electronic equipment equipped with the liquid crystal panel and the front light for 
illuminating said liquid crystal panel. Said front light It has the light source, a light guide plate, and 
two or more pillar-shaped lenses that touch the inferior surface of tongue of said light guide plate. 
The decision side by the flat surface perpendicular to the side face of said pillar-shaped lens is an 
isosceles trapezoid. Electronic equipment characterized by being 90<phi<=90+theta when the flat 
surface which the raised bottom of said isosceles trapezoid of said pillar-shaped lens builds touches 
the inferior surface of tongue of said light guide plate, sets the obtuse angle of said isosceles 
trapezoid to phi and sets the critical angle of the total reflection of said light guide plate to theta. 
[Claim 9] It is electronic equipment equipped with the photosensor and the front light which 
illuminates the readout object of a photosensor. Said front light It has the light source, a light guide 
plate, and two or more pillar-shaped lenses that touch the inferior surface of tongue of said light 
guide plate. The decision side by the flat surface perpendicular to the side face of said pillar-shaped 
lens is an isosceles trapezoid. Electronic equipment characterized by being 90<phi<=90+theta when 
the flat surface which the raised bottom of said isosceles trapezoid of said pillar-shaped lens builds 
touches the inferior surface of tongue of said light guide plate, sets the obtuse angle of said 
isosceles trapezoid to phi and sets the critical angle of the total reflection of said light guide plate 
to theta. 

[Claim 10] It is electronic equipment equipped with the liquid crystal panel and the front light for 
illuminating said liquid crystal panel from a display screen side. Said front light Have the light source, 
a light guide plate, and two or more pillar-shaped lenses that touch the inferior surface of tongue of 
said light guide plate, and the decision side by the flat surface perpendicular to the side face of said 
pillar-shaped lens It is a graphic form symmetrical with a line to the perpendicular passing through 
the middle point of the opposite side which is surrounded on all sides which becomes in the opposite 
side which becomes in an parallel straight line, and the opposite side which becomes with a curve, 
and becomes in said straight line. Said pillar-shaped lens Touch said light guide plate at the flat 
surface at which the short side is included among the opposite sides which become in said straight 
line, and it sets in a graphic form symmetrical with said line. It is electronic equipment characterized 
by the angle which the normal in the point of the arbitration of one curve and the straight line which 
connected the intersection of the curve of said another side and said short side and the point of 
said arbitration make being in the range of **three critical angles of the total reflection of said 
pillar-shaped lens. 

[Claim 1 1] It is electronic equipment equipped with the photosensor and the front light for 
illuminating the readout object of a photosensor. Said front light Have the light source, a light guide 
plate, and two or more pillar-shaped lenses that touch the inferior surface of tongue of said light 
guide plate, and the decision side by the flat surface perpendicular to the side face of said pillar- 
shaped lens It is a graphic form symmetrical with a line to the perpendicular passing through the 
middle point of the opposite side which is surrounded on all sides which becomes in the 1 opposite 
side which becomes in an parallel straight line, and the opposite side which becomes with a curve, 
and becomes in said straight line. Said pillar-shaped lens touches said light guide plate at the flat 
surface at which the short side is included among the opposite sides which become in said straight 
line, and is set in a graphic form symmetrical with said line. It is electronic equipment characterized 
by the angle which the normal in the point of the arbitration of one [ said ] curve and the straight 
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line which connected the intersection of the curve of said another side and said short side and the 
point of said arbitration make being in the range of **three critical angles of the total reflection of 
said pillar-shaped lens. 

[Claim 12] It is electronic equipment characterized by the refractive index of said pillar-shaped lens 
being equal to said light guide plate in any 1 term of claims 8-11. 

[Claim 13] It is electronic equipment characterized by forming said pillar-shaped lens with the same 
ingredient as said light guide plate in any 1 term of claims 8-11. 

[Claim 14] It is electronic equipment equipped with the liquid crystal panel and the front light for 
illuminating said liquid crystal panel from a display screen side. Said front light It has the light 
source, a light guide plate, and two or more body-of-revolution-like lenses that touch the inferior 
surface of tongue of said light guide plate. The configuration of said body-of-revolution-like lens It 
is surrounded on all sides which becomes in one pair of opposite sides which become in an parallel 
straight line, and one pair of opposite sides which become with a curve. It is the body of revolution 
which set the revolving shaft as said perpendicular for the graphic form symmetrical with a line at 
the perpendicular passing through the middle point of said straight line. And said body-of- 
revolution-like lens Touch said light guide plate at the flat surface which the short side of the 
opposite side which becomes in said straight line builds, and it sets in a graphic form symmetrical 
with said line. It is electronic equipment characterized by the angle which the normal in the point of 
the arbitration of one [ said ] curve and the straight line which connects the intersection of the 
curve of said another side and said short side and the point of said arbitration make being in the 
range of **three critical angles of the total reflection of said body-of-revolution-like lens. 
[Claim 15] It is electronic equipment equipped with the photosensor and the front light for 
illuminating the readout object of a photosensor. Said front light It has the light source, a light guide 
plate, and two or more body-of-revolution-like lenses that touch the inferior surface of tongue of 
said light guide plate. The configuration of said body-of-revolution-like lens It is the body of 
revolution which sets a revolving shaft as said perpendicular for a graphic form symmetrical with a 
line at the perpendicular which is surrounded on all sides which becomes in the opposite side which 
becomes in an parallel straight line, and the opposite side which becomes with a curve, and passes 
along the middle point of said straight line. Said body-of-revolution-like lens Touch said light guide 
plate at the flat surface which the short side builds among the opposite sides which become in said 
straight line, and it sets in a graphic form symmetrical with said line. It is electronic equipment 
characterized by the angle which the normal in the point of the arbitration of one [ said ] curve and 
the straight line which connects the intersection of the curve of said another side and said short 
side and the point of said arbitration make being in the range of **three critical angles of the total 
reflection of said body-of-revolution-like lens. 

[Claim 16] It is electronic equipment characterized by the refractive index of said body-of- 
revolution-like lens being equal to said light guide plate in claim 14 or 15. 

[Claim 1 7] It is electronic equipment characterized by the ingredient of said body-of-revolution-like 
lens being the same as said light guide plate in claim 14 or 15. 



[Translation done.] 
* NOTICES * 

JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 



file://C:\Documents and Settings\WilliamsT\My Documents\JPOEn\JP-A-2001-51272.html 1 1/10/2006 



JP-A-2001-51272 



Page 5 of 26 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to electronic equipment equipped with the front light 
[0002]° nt ' ight Wh ' Ch USed ° rder t0 ' lluminate 3 reflective mold '"quid crystal panel etc. 
[Description of the Prior Art] In recent years, the products with which the reflective mold LCD 
(liquid crystal display) is carried in the display are increasing in number as a pocket mold device. It is 
because the back light which consumes power most since the reflective mold LCD uses outdoor 
daylight for the display of a screen is unnecessary, so the time of the pocket mold device of a dc- 
battery drive can be extended. On the other hand, when dark in a perimeter, a screen also becomes 
dark, and the reflective mold LCD has the fault of being hard to see. Then, in order to compensate 
the fault, when dark in a perimeter, the front light for illuminating the liquid crystal panel of a 
reflective mold was developed. 

[0003] Drawin g_13 is the block diagram of the prism mold front light which is an example of the 
conventional front light. A front light becomes by the plate-like light guide plate 1 with which the 
prism side was formed, the light source 2 prepared in the side face of a light guide plate 1 and the 
reflector 3 for leading the light from the light source 2 to a light guide plate efficiently. A cold 
cathode tube, LED, etc. are used for the light source 2. 

[0004] Next, the function of the conventional prism mold front light is described. In the state of an 
ast.gmatism LGT, as shown in drawing_13 (A), the outdoor daylight 6 from a perimeter carries out 
incidence to top-face 1a which the prism of a light guide plate formed, and the line light source 2 
carries out outgoing radiation from inferior-surface-of-tongue 1b, and is reflected with the pixel 
electrode of the reflective mold LCD 5. The reflected light penetrates a light guide plate 1. and 
reaches a user's eyeball. 

[0005] An operation of the front light at the time of lighting of the line light source 2 is shown in 
drawing 13 (B). As shown in drawing 13 (B), incidence of the light 8 which carried out outgoing 
radiation from the light source 2 is carried out to side-face 1a of a light guide plate 1. being 
reflected by the lamp reflector 3. The light which carried out incidence to the light guide plate 1 is 
spread toward side-face 1b. repeating reflection and refraction on top-face 1c of a light guide plate 
1, and the 1d of inferior surfaces of tongue. At this time, reflection and refraction of light are done 
according to the Snell's law and Fresnel's principle. Therefore, outgoing radiation of the light which 
carried out incidence to top-face 1c of a light guide plate 1 or Id of inferior surfaces of tongue and 
the interface of air at the include angle smaller than a critical angle is carried out to air from 1d of 
inferior surfaces of tongue of a light guide plate 1. It can ask for the permeability at this time from 
Fresnel's principle. Incidence of the light which carried out outgoing radiation from the light guide 
plate 1 is carried out to the reflective mold liquid crystal panel 5. and it turns into illumination light 
effective in a display. It becomes irregular with liquid crystal, it reflects with a pixel electrode and 
incidence of the incident light is again carried out from 1d of inferior surfaces of tongue of a light 
guide plate 1, it carries out outgoing radiation from top-face 1c. and reaches a liquid crystal panel 5 
at a user's eyeball. 

[0006] About the above prism mold front light Liquid crystal display seminar 98 member technical 
text E 6 (4) : The front light technique which extends application of a reflective mold 
electrochromatic display, Monthly FPD Intelligence: 1998.9 :P 22: Sony Reflective mold low- 
temperature poly-Si TFT-LCD is announced. Nikkei electronics: 1998.6.1 :P 41: A reflective mold 
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color succeeds one another and it appears. " It turns to formal spread. Takeoff initiation" 1999 SID 
Smpos.um Digest It .s indicated by of Technical Papers p912 "Front lights for Reflective LCDs 
Based on Light guides with Micro-Grooves" etc. 

[0007] Although the total reflection conditions in an inferior surface of tongue were broken in the 
prism mold front light by building irregularity on the inferior surface of tongue of a light guide plate 
total reflect.on cond.t.ons can be broken by. for example, making the medium by which refractive ' 
indexes differ ,n a light guide plate contact. It is used for the back light of an ink dot mold although 
th.s configurat.on is not a front light. In the light guide plate for ink dot mold back lights the white 
ink on the light gu.de plate inferior surface of tongue is printed in the shape of a dot. The light which 
carried out incidence to the ink dot is scattered about there. Since the incident angle over the light 
gu.de plate top face of the scattered light is smaller than a critical angle, light comes out of a light 
gu.de plate. The quant.ty of light which carries out outgoing radiation from a light guide plate top 
face is made into homogeneity in the field by optimizing the magnitude of an ink dot a pitch a 
consistency, etc. 

[0008] However, the front light of the conventional prism mold has the fault that the use 
effectiveness of light is low. Although a front light is used combining the reflective mold LCD in 
order to operate a front light, when power consumption becomes large, the greatest advantage of a 
reflective mold LCD called a low power will be spoiled. 

[0009] A part of light which carried out incidence to the prism side as the cause of reducing 
efficiency for l.ght utilization was shown [ 1st ] in dxawingj_3 (B) is that are refracted and light 1 1 
carr.es out outgo.ng radiation from top-face 1c of a light guide plate 1. Since light 1 1 does not 
irradiate a l.qu.d crystal panel, it will be lost. Consequently, since efficiency for light utilization falls 
and bnghtness falls, it is necessary to raise the power consumption of the light source for 
compensating th.s. Moreover, although outgoing radiation of the outgoing radiation light 1 1 from this 
top face 1c is carried out to the user side, since [ unrelated to a display ] it is ****. it causes [ of 
contrast J a fall by being recognized by the user. 

[0010] Since it is hard to carry out outgoing radiation of the light which carried out [ 2nd ] incidence 
mto the light guide plate 1 from inferior-surface-of-tongue 1b. it is that the rate lost in a light guide 
plate i 1 is high. Consequently, efficiency for light utilization falls and brightness also becomes low 
The light which carried out incidence of this to light guide plate side-face 1a by the small incident 
angle .s because there are few counts reflected by top-face 1c and inferior-surface-of-tongue lb 
and cannot be .n the condition that total reflection conditions are broken, easily if total reflection ' 
cond.t.ons are not broken, light will reflect the inside of a light guide plate 1 — carrying out backlash 
propagation is continued and it will decrease soon. 

[001 1] When the beam of light from the light source carries out outgoing radiation from a light guide 
plate 1 to the LCD side. I hear that an outgoing radiation angle (angle which the normal to 1d of light 
guide plate infenor surfaces of tongue and a beam of light make) is large, and there is [ 3rd ] This 
originates ,n the ability only of the light which carried out incidence to Id of light guide plate inferior 
surfaces of tongue to come out of a light guide plate 1 at an include angle smaller than the critical 
angle of total reflection. 

[0012] Outgoing radiation is carried out from 1d of light guide plate inferior surfaces of tongue to air 
.n the phase ,n which the 1 d [ of inferior surfaces of tongue ] incident angle became gradually small 
while the l.ght wh.ch spreads the inside of a light guide plate 1 spread, and it stops having fulfilled 
total reflection conditions soon, and the 1 d [ of inferior surfaces of tongue ] incident angle became a 
httle and small from the critical angle. Therefore, the outgoing radiation angle becomes close to 90 
degrees, since incidence of such a beam of light is not perpendicularly carried out to the reflective 

Em oiTu ° ryStal Pane ' 5 ~ 3 r6SUlt " efficienc y for »ght utilization — falling — making — **** 
L0013J The lancing-d.e front light has improved the fault of this prism mold front light The 
configurat.on is shown in drawingjj . A front light becomes by the light guide plate 21 the light 
source 22. and the reflector 23. and the cross section 21d under a light guide plate has rectangle- 
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like irregularity. 

[0014] When not turning on a front light, as an arrow head shows by drawing 14 (A) outdoor daylight 
carries out incidence to top-face 21a of a light guide plate, penetrates a "light guide plate 21 and 
illuminates a reflective mold liquid crystal panel. The light reflected with the liquid crystal panel 
reaches a user's eyeball. 

[0015] When a front light is turned on, incidence of the light which carried out outgoing radiation of 
the light source 22 by drawin g_J4 (B) as shown in an arrow head is carried out to light guide plate 
side-face 21a, being reflected by the reflector. Incident light spreads the inside of a light guide plate 
n toward side-face 31b, carrying out total reflection of between 21 d of inferior surfaces of tongue 
to top face 21c. Since total reflection conditions are hard to be broken, as for the light which 
carries out incidence to top-face 21c among the light which has spread the interior of a light guide 
plate 21, light hardly comes from top-face 21c outside. Moreover, since the light which carried out 
incidence to heights base 24a or crevice base 24b among the light which carried out incidence to 
21 d of inferior surfaces of tongue does not break total reflection conditions, light does not come 
from heights base 24a or crevice base 24b out of a light guide plate 21. 

[0016] On the other hand, since the incident angle becomes smaller than a critical angle the light 
which carried out incidence to heights side-face 24c penetrates heights side-face 24c Thus since 
a lanc.ng-die front light does not almost have the light which carries out outgoing radiation from 
top-face 21a of a light guide plate 21, a lost part of light has become less than the front light of a 
prism mold. 

[0017] Moreover, as shown in drawing. 15 . the front light which made trapezoidal shape the cross- 
section configuration of the projection 34 of the inferior surface of tongue of a light guide plate 31 is 
also known. Light is made to penetrate by heights side-face 34c by the function of the front light of 
drawjngJ5 being the same as that of the front light of drawing 14 . and making the cross-section 
configuration of a projection of a light guide plate 31 into the shape of an inverse tapered shape In 
dj^wmgjjj . the same member as drawing 14 attached the same sign. 

[0018] About the above lancing-die front light, it is ASIA DISPLAY 98:p897. It is announced by "A 
ront-l.ght.ng System Utilizing A Thin Light Guide" etc. The description of a lancing-die front light is 
having canceled the 1st trouble of the prism mold front light mentioned above. With a prism mold 
front light, although the light from the light source was carrying out outgoing radiation from the top 
face (user side), since only the light which carried out incidence to side-face 24c of a projection can 
come out of a light guide plate, optical loss becomes small and the fall of contrast is suppressed 
with a lancing-die front light. 
[0019] 

[Problem(s) to be Solved by the Invention] However, as shown in drawing 14 , the light which 
illuminates the reflective mold liquid crystal panel 25 is the light which carried out incidence to side- 
face 24c of a projection. However, since the outgoing radiation angle from heights side-face 24c is 
large, the trouble that the incident angle to the reflective mold liquid crystal panel 25 is large is not 
still solved, an incident angle — it being large is that light is carrying out incidence from across to a 
pixel electrode, I hear that it is reducing efficiency for light utilization, and there is Furthermore 
since the outgoing radiation only of the light which carried out incidence to heights side-face 24c 
can be carried out from a light guide plate 21. it has been hard coming to carry out outgoing 
radiation of the light from a light guide plate 21. Therefore, the probability lost during propagation is 
still high, and this trouble is not still solved, either. 

[0020] It is in the technical problem of this invention canceling the trouble of the lancing-die front 
light ment.oned above, and offering a front light with high efficiency for light utilization. Moreover it 
is in enabling it to illuminate a reflective mold liquid crystal panel from a perpendicular direction as 
much as possible, lessening light further decreased in the middle of propagation of the inside of a 
light guide plate, and improving efficiency for light utilization with a front light 
[0021] 
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[Means for Solving the Problem] In order to cancel the trouble mentioned above, the front light of 
this invention The light source, It has a light guide plate and two or more pillar-shaped lenses which 
touch the inferior surface of tongue of said light guide plate, and the decision side by the flat 
surface perpendicular to the side face of said pillar-shaped lens is an isosceles trapezoid When the 
flat surface which the raised bottom of said isosceles trapezoid of said pillar-shaped lens builds 
touches the inferior surface of tongue of said light guide plate, sets the obtuse angle of said 
isosceles trapezoid to phi and sets the critical angle of the total reflection of said pillar-shaped lens 
to theta, it is characterized by filling 90<phi<=90+theta. 

[0022] In the above-mentioned configuration, the configuration of a pillar-shaped lens is a multiple 
column which uses an isosceles trapezoid as a base, and is an optical member for carrying out 
outgoing radiation of the light which is equivalent to the projection of the conventional lancing-die 
front light, and spreads the inside of a light guide plate outside. 

[0023] The raised bottom of an isosceles trapezoid puts the short side among the opposite sides 
which become with one pair of parallel lines, and puts the side of the one where a lower base is 
longer. In the side face in which this raised bottom is contained, the pillar-shaped lens is in contact 
with the inferior surface of tongue of a light guide plate without minding other media, such as a glue 
line. A reflective mold liquid crystal panel and an adhesion mold photosensor counter the side face 
which the lower base of a pillar-shaped lens makes, are arranged, and are illuminated with a front 
light. 

[0024] At the time of the astigmatism LGT of the light source, after outdoor daylight carries out 
incidence from the top face of a light guide plate and penetrates a light guide plate and a collimator 
sheet, a reflective mold panel and an adhesion mold sensor are illuminated. 
[0025] At the time of lighting of the light source, incidence of the light from the light source is 
passed through and carried out to a light guide plate side face, and it spreads the inside of a light 
guide plate for total reflection with ** between the interfaces of the top face/inferior surface of 
tongue of a light guide plate, and air. Incidence of the light which carried out incidence to the light 
guide plate inferior surface of tongue and the interface of a pillar-shaped lens during propagation is 
carried out to a pillar-shaped lens. 

[0026] As for the refractive index of a pillar-shaped lens, it is desirable to make it as the same as 
that of the refractive index of a light guide plate as possible. If refractive indexes differ, since it will 
be refracted in the interface of a light guide plate and a pillar-shaped lens or will reflect, in a user, 
this interface becomes is easy to be checked by looking. If the refractive index is the same, since a 
reflective component does not arise, incidence of the light which carried out incidence to the 
interface of a light guide plate / pillar-shaped lens can be altogether carried out to a pillar-shaped 
lens. The refractive index of a collimator sheet at least is made lower than a light guide plate. In 
order to make a refractive index the same, it is simplest to produce a pillar-shaped lens with the 
same ingredient as a light guide plate. 

[0027] Incidence of the light which carried out incidence is carried out to the interface of the pillar- 
shaped lens side face and air in which the foot of the above-mentioned isosceles trapezoid is 
contained. Although projections 24 and 34 are formed in the shape of a taper to the light guide plate 
inferior surface of tongue in the front light of drawing 14 and the conventional example of dra wing 
15 It is arranged in the shape of an inverse tapered shape, the obtuse angle of an isosceles 
trapezoid is set to phiout in the decision side of a pillar-shaped lens, and the pillar-shaped lens of 
this invention is thetac about the critical angle of the total reflection of said pillar-shaped lens. 
When it carries out, it is 90<phiout<=90+thetac. In order to fill. Total reflection of most light which 
carried out incidence to the interface of a side face and air can be carried out, and efficiency for 
light utilization is good. Incidence of the reflected light is carried out to the flat surface which the 
lower base of an isosceles trapezoid builds, and it carries out outgoing radiation from a pillar-shaped 
lens. 

[0028] The description of this invention is that it carries out outgoing radiation, after making a pillar- 
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shaped lens once reflect the light which carried out incidence. In the conventional lancing-die front 
light, since the liquid crystal panel is illuminated with the light penetrated on the side face, the 
incident angle to a liquid crystal panel will become large inevitably. On the other hand, in this 
invention, since outgoing radiation is carried out after reflecting light on a pillar-shaped lens side 
face and changing the direction of light, the incident angle to a reflective mold liquid crystal panel 
can be made small, and a result and efficiency for light utilization are raised. 

[0029] For this reason, in this invention, the decision side of a pillar-shaped lens is arranged in the 
shape of an inverse tapered shape to the fundamental light guide plate inferior surface of tongue. 
That is, it is important that a decision side is established in the configuration where it narrowed 
toward the light guide plate side from the outgoing radiation side (side by which a liquid crystal panel 
is arranged). A decision side can also be used as a graphic form symmetrical with a line at the 
perpendicular which does not necessarily need to be a trapezoid, is surrounded on all sides used as 
the opposite side which becomes in an parallel straight line, and the opposite side which becomes 
with a curve, and passes along the middle point of said straight line. 

[0030] This graphic form is equivalent to what deformed the foot of an isosceles trapezoid into the 
curve. In this decision side, the angle which the straight line which connected the intersection of the 
normal in the point of the arbitration of one curve, the curve of said another side, and the side of 
the shorter one and the point of said arbitration makes is equal to the critical angle of the total 
reflection of said pillar-shaped lens, and made to be included in the range of **three critical angles 
at least ideally. The reflection factor of the light which carried out incidence to the side face of the 
pillar-shaped lens which a curved surface builds by this configuration can be made high. 
[0031] In addition, critical angle thetac Although it changes with the refractive index of the medium 
by which a light guide plate touches, since the medium becomes air in a general operating 
environment, obtuse angle phiout of an isosceles trapezoid is critical angle thetac of the total 
reflection in the interface of a light guide plate and air. What is necessary is to make it criteria and 
just to determine. 

[0032] Moreover, the body-of-revolution-like lens made to rotate a graphic form symmetrical with 
the above-mentioned line to the circumference of a symmetry axis instead of a pillar-shaped lens 
can also be used. A body-of-revolution-like lens is arranged at the sense which narrows toward a 
light guide plate from an outgoing radiation side. 

[0033] As mentioned above, since the pillar-shaped lens or body-of-revolution-like lens of this 
invention is prepared in the sense which narrows toward a light guide plate side from an outgoing 
radiation side (side by which a liquid crystal panel is arranged), it is very difficult for a light guide 
plate and really forming a pillar-shaped lens. For this reason, in this invention, it considered as 
plate-like, without processing a light guide plate, two or more pillar-shaped lenses or body-of- 
revolution-like lenses were produced independently, and the lens of these plurality is prepared in 
contact with the light guide plate. 
[0034] 

[Embodiment of the Invention] The operation gestalt of this invention is explained using drawing. 
[0035] The [operation gestalt 1] book operation gestalt is related with the front light [ side / by the 
flat surface perpendicular to a side face / decision ] using a pillar-shaped isosceles trapezoid-like 
lens. 

[0036] Drawing_1_ is drawing showing the configuration of the front light of this operation gestalt. 
DrawingJ (B) is the perspective view of a collimator sheet, drawing 1 (A) is the sectional view of a 
front light, and drawing j. (D) is [ drawingj (C) is the perspective view of a pillar-shaped lens, and ] 
drawing of the decision side of the pillar-shaped lens by the flat surface perpendicular to a side 
face. 

[0037] As shown in drawingj (A), the light source 102 is arranged at side-face 101a of a light guide 
plate 101, and the reflector is prepared behind the light source 102. Moreover, the collimator sheet 
104 is formed in contact with the inferior surface of tongue of a light guide plate 101. Top-face 101c 
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of a light guide plate 101 says for convenience the flat surface of explanation which meets a user 
here, and suppose 1 01d of inferior surfaces of tongue that the confrontation of top-face 101c is 
put. 

[0038] It is monotonous and four side faces is [ a shorter side ] the rectangular parallelepipeds 
whose light guide plates 101 become by the rectangular parallelepiped-like transparent material and 
which are very short rectangles compared with a long side. For the ingredient of a light guide plate 
101, the permeability (total light transmission) to the light is 85% or more preferably 80%, and a 
refractive index is 21/2. It is because the light whose incident angle of a light guide plate 101 is 90 
degrees can be made refracted by side-face 101a and it can lead to the light guide plate 101 
interior, so that it is large. With this operation gestalt, the ingredient which has a refractive index in 
the range of 1.4-1.7 is chosen. 

[0039] As such a transparent material, inorganic glass (refractive indexes 1.42-1.7, 91 - 80% of 
transmission), such as a quartz and way silica glass, and plastic material (resin ingredient) can be 
used, as plastics — methacrylic resin (the polymethylmethacrylate typically known for an acrylic — ) 
A refractive index 1 .49, 92 - 93% of transmission, a polycarbonate (a refractive index 1 .59, 88 - 90% 
of transmission), Polyarylate (a refractive index 1.61, 85% of transmission), Polly 4-methyl BENTEN- 
1 (refractive-index 1.46, 90% of transmission) AS resin [an AKURIRO tolyl styrene polymer] (a 
refractive index 1 .57, 90% of transmission), The ingredient which mixed MS resin [a methyl 
methacrylate styrene polymer] (a refractive index 1.56, 90% of permeability) and these resin can be 
used. 

[0040] A cold cathode tube and LED are used, and the light source 102 meets side-face 101a of a 
light guide plate 101. and is arranged. Moreover, the two light sources may be established face to 
face. 

[0041] The collimator sheet 104 becomes with a base film 105 and two or more pillar-shaped lenses 
106 arranged in parallel on a base film 105. As shown in drawing 1 (C) and (D), decision sides are the 
many prismatic forms which are isosceles trapezoids. In addition, the side face in which raised 
bottom 106w of an isosceles trapezoid is contained among 4 side faces of the pillar-shaped lens 106 
is set to top-face 106a on account of explanation, the side face in which lower base 106x are 
contained is set to inferior-surface-of-tongue 106b, and the side face in which Feet 106y and 106z 
are contained is made into side faces 106c and 106d. 

[0042] In the collimator sheet 104, as for the pillar-shaped lens 106, inferior-surface-of-tongue 
106b is arranged in contact with the base film 105. Moreover, the collimator sheet 104 is formed so 
that top-face 106a may stick to 101d of inferior surfaces of tongue of a light guide plate 101. 
Although it is not necessary to not necessarily stick a base film 105 and a reflective mold liquid 
crystal panel, it is important for the pillar-shaped lens 106 and a light guide plate 101 to make it 
stick without minding other media. 

[0043] 80% or more of resin film is suitably used for the ingredient of a base film 105 for the 
permeability of the lights, such as PET. Moreover, as well as [ the ingredient of the pillar-shaped 
lens 106 ] a light guide plate 101, the permeability (total light transmission) to the light is 85% or 
more preferably 80%, and the ingredient which has a refractive index in the range of 1.4-1.7 is 
chosen. The ingredient of the light guide plate 101 mentioned above can be used. From the point of 
processing or a price, plastic material is suitable. Moreover, the ingredient of the pillar-shaped lens 
106 is chosen so that it may become the same as the refractive index of a light guide plate 101. 
This is the interface of the pillar-shaped lens 106 and a light guide plate 101, and is for light's 
reflecting or making it not refracted. 

[0044] With this operation gestalt, make the ingredient of the pillar-shaped lens 106 the same as a 
light guide plate 101, and let it be the polymethylmethacrylate (acrylic) of a refractive index 1.49. 
The ingredient of a base film 105 was set to PET. 

[0045] Hereafter, the function of the collimator sheet 104 and the configuration of the pillar-shaped 
lens 106 are explained using drawing 2 . 
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[0046] When not turning on the light source 102. outdoor daylight carries out incidence from top- 

£ht > \ ^fi gU, i e ? 3te Aft6r * r6flectS With the refl ^tive mold LCD after penetrating a 

light gu,de plate 101 and the collimator sheet 104. and the light which carried out incidence 

rnnJ^Ut 8 the L c ° llimator sheet 104 and a light guide plate 101. it reaches a users eyeball 
[0047] When the hght source 102 is turned on. light guide plate 101 incidence of the light from the 
light source 102 .s carried out from side-face 101a. being reflected by the reflector 103 Light is 
spread carrying out total reflection of between 1 01 d of inferior surfaces of tongue to top-face 101c 
of a light guide plate 101. 

[0048] Incident angle theta 1 in case the light which carried out incidence to side-face 101a from air 

TnT t out rz rr/™ 01d (or top_face i01c) ° f inferior surfaces ° f <* * gui de P! at e 

90-thetac <=theta1 <=90 are filled from the geometry (a cross section is a rectangle) of a SneS's 
law and a hght guide plate 101 thetac It is the critical angle of the total reflection of the light guide 
plate 101 to air. The hght wh.ch carried out incidence to light guide plate side-face 101a by 90 
undent angles is incident angle 90-thetac to top-face 101c (101 d of or inferior surfaces of tongue) 
The light wh.ch earned out incidence and which carried out incidence to side-face 101a by zero 
incident angle .s the incident angle theta 1 since incidence is carried out to top-face 101c (101 d of 
or mfenor surfaces of tongue) by the incident angle 90. The range is drawn 

[0049] Incident angle theta 1 Critical angle thetac If large, total reflection of the light 121 will be 
carried out to a,r in the interface of a light guide plate 101. Since it is larger than 21/2 (sin-145) the 
refractive mdex of a light guide plate 101 is thetac. It becomes smaller than 45 degrees It is the' 
mcdent angle theta 1 here. Critical angle thetac Since it is large, total reflection of the light which 
earned out incidence to 101 d (or top-face 101c) of inferior surfaces of tongue and the interface of 
air ,s carried out. The angle of reflection at this time is the incident angle theta 1. It becomes equal 
Thus, on top-face 101c of a light guide plate 101. or 101d of inferior surfaces of tongue, repeating 
total reflection in an interface with air. the light from the light source 102 can spread the inside of a 
light guide plate 101. and can reach from side-face 101a to side-face 101b 

[0050] Since the light guide plate 101 was produced from the acrylics (refractive index 1 49) in the 
C . aS 7 f r ° peratio " gestalt * is critical a "g'e t^tac. Incident angle theta 1 of the light which is 
about 42 degrees and carries out incidence to 101 d of inferior surfaces of tongue of a light guide 
plate 101. and top-face 101c What is necessary is just to fill 48<theta1 <=90 

[0051] Although total reflection of the light 121 which carried out incidence to the interface with air 
is carried out on 10 d of inferior surfaces of tongue of a light guide plate 101 as shown in drawing 
2 incidence of ^the light 122 which carried out incidence to the contact surface with the piliaT^ 
shaped lens 106 is carried out into the pillar-shaped lens 106. Since the refractive index of the 
Pillar-shaped lens 106 is equal to a light guide plate 101. the angle of refraction of light 122 is the 
incident angle theta 1. It is equal and incidence of the light 122 is carried out to the pillar-shaped 
lens 1 06, without being refracted. 

[0052] The light 123 which carried out incidence to the pillar-shaped lens 106 is the incident angle 
theta Z in 106d of side faces. Incidence is carried out and it is reflected there. This reflected light is 
the incident angle theta 3 to inferior-surface-of-tongue 106b. Incidence is carried out Here it is 
theta 2 It ,s the angle which the normal of 106d of side faces and a beam of light make, and'is theta 

rnnUl o 6 ^xf the n ° rmal and b6am ° f ,ight of inferior-surface-of-tongue 106b make 

[0053] By reflect.on at 106d of side faces, it is the incident angle theta 3. Since it has an include 
angle smaller than the critical angle of the total reflection of the pillar-shaped lens 1 06 to air it is 
possible to appear in the light 124 which carried out incidence to inferior-surface-of-tongue 106b of 
the pillar-shaped lens 106. The light which carried out outgoing radiation from 106d of inferior 
surfaces of tongue of the pillar-shaped lens 106 illuminates a reflective mold liquid crystal panel 
Incidence is carried out by the incident angle, and after it is reflected with the pixel electrode of the 
reflective mold LCD and this l.ght penetrates the collimator sheet 104 and a light guide plate 101 it 
reaches a watcher's eyeball. M ' 
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[0054] With this operation gestalt, since a beam of light is reflected at 106d (106c) of side faces of 
the pillar-shaped lens 106 and he is trying to illuminate a liquid crystal panel, the incident angle to a 
liquid crystal panel can be made small. Consequently, since the component of the light which 
illuminates the pixel electrode of a liquid crystal panel perpendicularly becomes large, light is used 
efficiently. 

[0055] What is necessary is to be high as much as possible and just to carry out total reflection of 
the side faces [ of the pillar-shaped lens 106 / 106c and 106d ] reflection factor ideally, in order to 
lead the light reflected at 106d (106c) of side faces to a liquid crystal panel more efficient as 
ESS??** ab ° Ve ' Her r eafter - the conditions for carrying out total reflection are considered 
[0056] Incident angle [ in / as mentioned above / the interface (top-face 106a of the pillar-shaped 
lens 106) of a light guide plate 101 and the pillar-shaped lens 106 ] theta 1 (and angle of refraction) 
The range is 90-thrta c<=theta 1 <=90. On the other hand, it is the incident angle theta 2 to side- 
face 106c (106d) of the pillar-shaped lens 106. If it is beyond the critical angle of pillar-shaped lens 
106 total reflect.on over air, total reflection of the light will be carried out by side-face 106c (106d) 
Since it produced with the same ingredient, the critical angle of the total reflection of the pillar- 
shaped lens 106 .s equal to critical angle thetac of a light guide plate 101, and it should be just 
satisfied with carrying out total reflection of theta c<=theta 2<=90. 

f 005 7n« u tUSe , angl t Phi ° Ut ° f thG isosceles trapezoid which is the decision side of the pillar-shaped 
lens 1 06 here It is theta 2 when it carries out. 90from theorem of geometry+theta2 =phiout+ (90- 
theta 1; 

It ****** an( j j s set to theta2 =phiout~theta1 . 

[0058] Here, obtuse angle phiout **90, phiout=90 [ i.e., ] ,+alpha (|alpha|«0) of an isosceles trapezoid 
is assumed that it seems that it is shown in drawing 3 (A). It is incident angle theta 1 =90-thetac to 
top-face 106a of the pillar-shaped lens 106. Since the light 125 which carries out incidence is set to 

lw ( ° 6C) mCident 3ngle th6ta2 = alpha+theta C total reflection is carried out at 

106d (106c) of side faces. However, the light 126 which carries out incidence by thetal >90-thetac 
is angle-of-reflection theta2 <thetac in a side face. Since it becomes, as a dotted line shows a 
fnn n c S r£ arenCy component wi " arise, and efficiency for light utilization will be reduced 
[0059] Moreover obtuse angle phiout =90+thetac of an isosceles trapezoid is assumed. Since it is 
set to side faces [ 106c and 106d ] incident angle theta2 =2thetac in incident angle thetal =90- 

T n e ^ C l°l OP I 0 ?*' t0ta ' reflection is carried out on the pillar-shaped lens side faces 106c and 

106d At the time of thetal =90. it is incident angle theta2 =thetac. Since it becomes total 
reflection ,s carried out. That is. if it is phiout =90+thetac, total reflection of the light which carried 
^l 1 ^ 6 "?, 6 t0 6 Side faCGS 106c and 106d of a Pflar-shaped lens will be carried out 
[0060] Finally as shown in drawing^ (B). phiout >=90+ (90-thetac) is assumed. As the alternate long 
and short dash line showed, in phiout =90+ (90-thetac), it is incident angle thetal =90-thetac The 
optical path of light 127 becomes the foot of an isosceles trapezoid, and parallel. Therefore it is the 
incident angle theta 1 1 at the time of phiout >=90 + (90-thetac). The light which carries out incidence 
to top-face 106a by 90-thetac <=theta1 <phiout will come out of inferior-surface-of-tongue 106b 
without being reflected on the pillar-shaped lens side faces 106c and 106d 

[0061] | for reflecting light from the above thing on the side faces 106c and 106d of the pillar-shaped 
ens 106 - 90<phiout<90 + (90-thetac) - it is more preferably referred to as 90<phiout<=90 + thetac 
On the case of thetac <45). since it is thetac **42 degree in the case of this operation gestalt — 90 

rnnL~o P i IOUt < " 9 1 0+4 ? .~ m ° re desirab,e ~ 90 ~ < ~ * ^ good to make it phiout <=90+42. 
L0062J Obtuse angle phiout of an isosceles trapezoid The thing with the smaller desirable one is 
phiout. It is because image quality tends to deteriorate so that it becomes large. It is alike and 
incidence of the light reflected with the reflective mold liquid crystal panel is carried out to the 
co I imator sheet 104 so that it may be shown. In qVawmgJ. (C). since it is easy, refraction with 
commator sheet 104 base film 105 is disregarded, and makes 0 times the incident angle to inferior- 
surface-of-tongue 106b of the pillar-shaped lens 106. Since incidence of it is carried out to a light 
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guide plate 101 after the light 128 which penetrates side faces 106c and 106d among the light which 
carried out incidence into the pillar-shaped lens 106 is refracted on a side face because of the 
difference between the pillar-shaped lens 106 and the refractive index of air, it causes degradation 
of an image. On the other hand, the light 129 which penetrates top-face 106a does not produce 
degradation of an image, in order to carry out incidence to a light guide plate 101, without being 
refracted since there is no difference of the pillar-shaped lens 106. a light guide plate 101, and a 
refractive index. Thus, obtuse angle phiout When it becomes large, it turns out that it is easy to 
produce degradation of image quality. 

[0063] Moreover, when it takes into consideration that manufacture of the pillar-shaped lens 106 
uses metal mold, in order to make the pillar-shaped lens 106 easy to extract from metal mold, 
considering as 93 degrees or more is desirable [ phiout ]. 

[0064] Hereafter, the conditions of obtuse angle phiout of an isosceles trapezoid are changed, and 
the suitable size of a pillar-shaped lens is examined. 

[0065] The cross section of the pillar-shaped lens 106 when obtuse angle phiout of a column 
isosceles trapezoid is close to a right angle is shown in drawing 4 . Specifically, the relation of the 
width of face W1, spacing T1, and the height H1 of the pillar-shaped lens 106 at the time of 
considering as phiout=95 degree is shown. First, in order to reflect incident light in the first place on 
a pillar-shaped lens side face, even if it is the light 131 which entered by the small incident angle 
theta 1 1, the side face of a pillar-shaped lens must be hit. Therefore, what is necessary is just to fill 
the relation between H1 >=W1/tantheta1 1=W1/1.11. Here, it is thetal 1=48 degree. 
[0066] Next, the light 132 which entered by the large incident angle theta 12 is considered Obtuse 
angle phiout is 90+thetac here. It is small. Therefore, as for the large light 132 of the incident angle 
theta 12, the percent of a number of will penetrate the pillar-shaped lens 106 of a pillar-shaped 
lens, moreover, the light guide plate 101 if the transmitted light carries out incidence to the next 
pillar-shaped lens 106. after repeating reflection and refraction — return — just — being alike — 
the fault of appearing in a user side may be produced. Therefore, as for the light 133 which 
penetrated the side face, it is desirable that it is made not to carry out incidence to the next pillar- 
shaped lens 106. 

[0067] For that purpose. 13 are the angle of refraction in the side face ofthetatheta 1 2 light 132 and 
fill 1xsintheta13=1.49xsin (phiout-theta12) T1 >=H1*tan (phi out-theta 13) and here. However since 
angle of refraction theta 13 will become close to 0 times if phiout becomes close to 90 degrees in 
the case of incident angle theta 12=90 degree, when this inequality is followed, spacing T1 will 
become very large. Therefore, spacing T1 must be actually limited to extent enlarged as much as 
possible. 

[0068] Next, when obtuse angle phiout is large, the case where it is phiout=132 degree (90+thetaC) 
is considered using drawjng_5 Drawing_5 is the expanded sectional view of a pillar-shaped lens. 
Since it is large and. as for a pillar-shaped lens side face, total reflection of almost all the light is 
carried out to phiout=132 degree, it is not necessary to open the pillar-shaped lens 106 and to 
arrange spacing. Of course, spacing may be opened. 

[0069] Next, the height H2 of the pillar-shaped lens 106 is described. If height H2 is low, the light 
which does not carry out incidence exists in pillar-shaped lens 106 side face. Incidence of the light 
is carried out to a base film 105 as it is from inferior-surface-of-tongue 106b of the pillar-shaped 
lens 106. However, between the boundaries of a base film 105 and air, since the conditions of total 
reflection are not broken, total reflection is carried out. If this reflected light returns to a light guide 
plate 101 as it is. it will be satisfactory, but if incidence is carried out to the pillar-shaped lens 106 
on the way and the direction of a beam of light changes by reflection and refraction in a side face, 
light may carry out outgoing radiation to a watcher side from a light guide plate top face. Then, in 
order to avoid such a case, even if it is the light which carried out incidence to the pillar-shaped 
lens 106 by the small incident angle theta 21 even if, it must be made to have to hit the pillar- 
shaped lens side faces 106c and 106d. 
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[0070] For that purpose, as shown in drawing 5 , it is necessary to satisfy the following formula that 
the optical path of the light 134 of incident angle theta21=48 should just become the diagonal line of 
an isosceles trapezoid. It is W3=H2/tan (180-phiout) in H2=(W2+W3) xtan (90-theta21) and here If 
incident angle theta21=48 degree is substituted, phiout=132 degree is substituted and W3 is 
eliminated, it will be set to H2=4.76W2. and if H2 is determined, the optimum value of W2 can be 
determined. 

[0071] Moreover, it depends for the width efface W of top-face 106a of a pillar-shaped lens height 
H (distance between top-face 106a and inferior-surface-of-tongue 106b), and a pitch P (width-of- 
face + spacing) on thickness, magnitude (dimension beside vertical x), etc. of a light guide plate 101 
Moreover, it is necessary to also take into consideration the margin of manufacture of the pillar- 
shaped lens 106. Width of face W and height H consider as 10-micrometer order, and may be about 
10-50 micrometers. What is necessary is just to let pitches P be 100-micrometer order and the 
range of 100-500 micrometers, since brightness will become low so that it separates from the light 
source 1 02 if a pitch P is narrow. & 
[0072] The [operation gestalt 2] book operation gestalt is the modification of the pillar-shaped lens 
of the operation gestalt 1. Although the decision side was a pillar-shaped isosceles trapezoid-like 
lens with the operation gestalt 1, like, with the magnitude of the obtuse angle of an isosceles 
trapezoid, the light which is shown in drawing_3 and which carried out incidence penetrated on side 
faces 106c and 106d, and efficiency for light utilization is lowered to them. This operation gestalt 
abolishes the fault of a pillar-shaped lens with a trapezoid cross section, and the light which carried 
out incidence from the top face of a pillar-shaped lens is related with a lens with possible hitting the 
side face and making it surely carry out total reflection. 

[0073] Drawing 6 (B) is the perspective view of a collimator sheet, drawing 6 is drawing showing the 
configuration of the front light of this operation gestalt. and drawing 6 (D) is [ drawin g 6 (A) is the 
sectional view of a front light, and / drawing 6 (C) is the perspective view of a pillar-shaped lens 
and ] the decision side cut at the flat surface perpendicular to the side face of a pillar-shaped lens 
L0074] The front light of this operation gestalt transforms the pillar-shaped lens of the operation 
gestalt 1 . and other configurations are the same. As shown in drawing 6 (A), the light source 202 is 
arranged at side-face 201a of a light guide plate 201. and the reflector 203 is formed behind the 
light source 202. The collimator sheet 204 is formed in contact with the inferior surface of tongue of 
a light gu.de plate 201. Top-face 201c of a light guide plate 201 puts for convenience the flat 
surface of explanation which meets a user here, and suppose 201 d of inferior surfaces of tongue 
that the confrontation of top-face 201c is put. 

[0075] The light guide plate 201 becomes and is monotonous at a rectangular parallelepiped-like 
transparent material. That is, four side faces is [ a shorter side ] the rectangular parallelepipeds 
which are very short rectangles compared with a long side. The collimator sheet 204 becomes in 
parallel on a base film 205 and a base film 205 with two or more pillar-shaped lenses 206 arranged 
at equal intervals. 

[0076] as shown in drawing 6 (D), the cross section of the pillar-shaped lens 206 was surrounded by 
four sides which made the foot of an isosceles trapezoid the shape of a curve — coming out — 
graphic form ***♦. That is, it is the graphic form surrounded in the opposite sides 206w and 206x 
which become with parallel lines, and the opposite side which becomes with Curves 206y and 206z 
and is a graphic form [ object / straight-line 206k which connects the middle point of the opposite 
sides 206w and 206x ]. In addition, the side face in which straight-line 206w is contained among 4 
s.de faces of the pillar-shaped lens 206 is set to top-face 206a on account of explanation, the side 
face in which straight-line 206x are contained is set to inferior-surface-of-tongue 206b. and the 
side face in which Curves 206y and 206z are contained is made into side faces 206c and 206d 
[0077] In the collimator sheet 204. as for the pillar-shaped lens 206, inferior-surface-of-tongue 
206b is in contact with the base film 205. Moreover, the collimator sheet 204 is formed so that top- 
face 206a may stick to 201 d of inferior surfaces of tongue of a light guide plate 201. Although it is 
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not necessary to not necessarily stick a base film 205 and a reflective mold liquid crystal panel it is 
important for the pillar-shaped lens 206 and a light guide plate 201 to make it stick without minding 
other media. 

[0078] Hereafter, the configuration of a decision side is explained using drawin g 7 . As shown in 
drawing_7 (A), the point of one side of the contact section of the pillar-shaped lens 206 and a light 
guide plate 201 is set to A. That is. in a decision side, the intersection (top-most vertices) which 
straight-line 206w and curvilinear 206y make is set to A. And the point of the arbitration of 
curv.linear 206z of another side is set to B. For curvilinear 206z. the include angle psi 0 which 
Normal EF and the straight line AB in Point B make is critical angle thetac of the total reflection of 
the pillar-shaped lens 206 to air. It is made to become. That is, it is made for curvilinear 206z to 
become by the line which the point B of filling the above-mentioned relation builds. Curvilinear 206y 
carries out object migration of the curvilinear 206z for the middle point of straight lines 206x and 
206y to the Toru straight line. 

[0079] By considering as the configuration which shows the decision side of the pillar-shaped lens 
206 to drawing 7 (A), the incident angle theta 41 over 206d (206c) of side faces of the light 141 
which carried out incidence from top-face 206a of drawing 7 as shown in drawing 7 (B) is 
theta41>psi0. It fills, here — psiO =thetac it is — since — theta41>thetac ** — it becomes It is 
shown that carry out incidence of the light 141 which carried out incidence of this inequality from 
top-face 206a to 206d (206c) of side faces altogether, and it carries out total reflection at 206d 
(206c) of side faces. That is, since there is no light penetrated at 206d (206c) of side faces 
efficiency for light utilization becomes very high. Moreover, since light goes away out of the pillar- 
shaped lens 206 after making it reflect at 206d (206c) of side faces, an incident angle becomes small 
to a reflective mold liquid crystal panel, and use effectiveness of light can be made high 
[0080] In the width of face W of the pitch P of the pillar-shaped lens 206 of this operation gestalt 
height H, and top-face 206a, a pitch P should just set 100-500 micrometers, height H, and width of 
face W to 10-50 micrometers that what is necessary is just to make it be the same as that of the 
operat.on gestalt 1. Moreover, include angle psi 0 shown in drawing 7 (A) What is necessary is just 
to be in the range of psiO =thetac**3 degree in consideration of a margin etc., although it is an ideal 
that a critical angle is equal. For example, it is thetac when a light guide plate 201 and the pillar- 
shaped lens 206 are produced from acrylics. Since it is 42 degrees, what is necessary is just the 
range of 39 <=psi0 <=45. 

[0081] Although the pillar-shaped lens was used for the collimator sheet with the [operation gestalt 
3J operation gestalten 1 and 2, this operation gestalt shows the example which uses a body-of- 
revolution-like lens. This operation gestalt of ** and the back is the same as the operation gestalt 2 
in the modification of the collimator sheet of the operation gestalt 2. The collimator sheet of this 
operation gestalt is shown in draw ing 8 . 

[0082] As shown in dj^wingj (A), the body-of-revolution-like lens 306 is formed at equal intervals 
on the base film 305 which becomes by PET, and it is stuck to top-face 306a of the body-of- 
revolution-like lens 306 on the inferior surface of tongue of a light guide plate, and it is prepared Of 
course, the body-of-revolution-like lens 306 and a light guide plate are produced with the same 
mgred.ent. As shown in drawjng.8 (B). the body-of-revolution-like lens 306 rotates the graphic form 
symmetrical with a line shown in drawing 6 (D) and d rawin g 7 (A) around symmetry-axis 206k Since 
the light which carried out incidence from top-face 306a of the body-of-revolution-like lens 306 like 
the operat.on gestalt 2 is reflected by side-face 306c by making it such a configuration, outgoing 
radiation can be carried out from inferior-surface-of-tongue 306b. 

[0083] Although light cannot be made crooked with the pillar-shaped lens of the operation gestalten 
1 and 2 in the direction of a long picture ( drawing ± (A), direction perpendicular to the space of 
drawmgj6 (A)) for the configuration, by considering as a body-of-revolution-like lens like this 
operauon gestalt Since light can be made crooked also in the depth direction, it becomes possible 
by optim.z.ng arrangement of the body-of-revolution-like lens 306 to make the brightness within a 
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field into homogeneity more. 

[0084] The [operation gestalt 4] book operation gestalt describes the light guide plate of a front 
light. The thing of a monotonous mold has been used with the operation gestalten 1-3. The sectional 
view of the front light at the time of using a wedge-shaped light guide plate for drawin g 9 is shown 
This operation gestalt is the modification of the operation gestalt 2. In drawin g 9 , the same sign as 
drawing 6 shows the same member. 

[0085] In a light guide plate 401, the side faces 406a and 406b which counter are rectangles, and the 
side face in which others counter is a trapezoid with two right-angled angles which do not make a 
vertical angle. Even if the perimeter of a light guide plate 401 is only air in the case of the wedge- 
shaped light guide plate 401, as the light which carried out incidence from side-face 401a spreads 
the inside of a light guide plate 401, it is left outside gradually. Because, while repeating reflection 
between top-face 401c and 401 d of inferior surfaces of tongue, a top-face 401c and 401 d [ of 
inferior surfaces of tongue ] incident angle becomes small gradually, and the conditions of total 
reflection are broken. Consequently, light will go away outside also from top-face 401c and 401 d 
also of inferior surfaces of tongue which are not in contact with a pillar-shaped lens. Therefore light 
will go away also to a user side, or the incident angle to a pillar-shaped lens will also change by the 
reflective count. It is effective in lightweight-izing to use the wedge shape light guide plate 401 from 
these reasons, although it is not not much desirable. 

[0086] The [operation gestalt 5] book operation gestalt is the modification of the operation gestalt 
2. The sectional view of the front light of this operation gestalt is shown in drawing 10 . In drawing 
10 , the same sign as drawin g 6 shows the same component. 

[0087] Although arranged in the pillar-shaped lens 206 with the operation gestalt 2 at equal 
intervals, the brightness in a field may become an ununiformity. That is. near the light source it may 
be bright and may become the luminance distribution that it is dark in the distance. Then what is 
necessary is just to make spacing dense, so that the pillar-shaped lens 206 is separated from the 
light source 202 for equalization of the brightness within a field, as shown in drawing 10 (A). The 
example at the time of changing spacing is shown in drawing 32. Spacing is small, so that it is far 
from the light source. It is possible for this to equalize the brightness in a field. 
[0088] In addition, although the operation gestalten 4 and 5 were explained as a modification of the 
operation gestalt 2. it cannot be overemphasized that it is applicable also to the operation gestalten 
1 and 3. 

[0089] The [operation gestalt 6] book operation gestalt describes the base film of a collimator sheet 
With the above-mentioned operation gestalt, PET was used, and even if the base film and the 
reflective mold liquid crystal panel touched, they presupposed that it needs to be absent. This is 
because a base film is monotonous, so a big bad influence is not done optically. However it is 
desirable for a pillar-shaped lens (body-of-revolution-like lens) and a base film to be the same 
refractive indexes ideally. It is because a reflective component will arise in the interface of a lens 
and a base film if refractive indexes differ. 

[0090] If based on the above thing, it is not necessary to necessarily produce a pillar-shaped lens 
(body-of-revolution-like lens) on a base film. Then, a pillar-shaped lens (body-of-revolution-like 
lens) may be directly arranged on the member of the maximum upper layer of a reflective mold liquid 
crystal panel. The members of the maximum upper layer of a reflective mold liquid crystal panel are 
optical films, such as a polarizing plate and a phase contrast plate, and a touch panel, and should 
just form a pillar-shaped lens directly on them. 

[0091] The front light of [operation gestalt 7] this invention can be used for the display of various 
electronic equipment combining the reflective mold liquid crystal panel of a direct viewing type. For 
example, it is applicable to electronic equipment, such as a personal computer, a digital camera, a 
video camera, Personal Digital Assistants (a mobile computer, a cellular phone, digital book, etc.), 
and a navigation system. The electronic equipment which carried the reflective mold liquid crystal 
panel with a front light of this invention in drawin g 1 1 is shown. 
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[0092] Drawin g_H (A) is a personal computer and consists of the body 2001 equipped with a 
microprocessor memory, etc., the image input section 2002. an indicating equipment 2003 using a 
reflective mold liquid crystal panel with a front light, and a keyboard 2004. 

[0093] Dr^wjngJi (B) is a video camera and consists of a body 2101, the indicating equipment 2102 
using a reflect.ve mold liquid crystal panel with a front light, the voice input section 2103 an 
t^rfs°p"aT2102 2104, 3 dC_battery 21 ° 5 ' and the television action 2106. This invention is applied 

[0094] ^wing_Li (C) is a Personal Digital Assistant, and consists of a body 2201. the image input 
section 2202. the television section 2203, an actuation switch 2204, and a display 2205 using a 
reflective mold liquid crystal panel with a front light. 

[0095] DriMQ&H (D) is electronic game devices, such as a TV game or video game, and consists of 
the body 2301 in wh.ch the electronic circuitries 2308. such as CPU, a record medium 2304 etc 
were carried, a controller 2305. a display 2303. and a reflective mold liquid crystal panel display 2302 
with a front light built into the body 2301. The same information may be displayed as a display 2303 
and the d.splay 2302 built into the body 2301. and the former can be used as the main display and 
by using the latter as a subd.splay. the information on a record medium 2304 can be displayed' or 
the operating state of a device can be displayed, or the function of a touch sensor can be added 
and it can also consider as a control panel. Moreover, in order to transmit a signal mutually it is 
good also as a wire communication, and a body 2301, a controller 2305, and a display 2303 form the 
rnnofT Sections 2306 and 2307 ' and are g° od also as radio or optical communication 
L0096J PxawngJi (D) is a player for reproducing the record medium (it being hereafter called a 
record medium) which recorded a program, image data, and voice data, and consists of a body 2401 
the reflective mold liquid crystal panel indicating equipment 2402 with a front light, the loudspeaker' 
section 2403, a record medium 2404. and an actuation switch 2405. In addition, playback and graphic 
display of a music program, the information display through video game (or TV game) or the Internet 
etc. can be performed to a record medium using DVD (Digital Versatile Disc), a compact disk (CD). ' 

[0097] Drawing 22 (E) is a digital camera and consists of a body 2501, the reflective mold liquid 
crystal panel indicating equipment 2502 with a front light, an eye contacting part 2503, an actuation 
switch 2504, and the television section (not shown). 

[0098] Moreover, the front light of this invention can apply a front light as the light source for 
adhesion mold sensors, as it can use not only for the lighting of a reflective mold liquid crystal panel 
but tor the lighting of other electronic equipment, for example, is shown in drawing 12 
L0099] As a front light, which configuration of the operation gestalten 1-5 can be used With this 
operation gestalt, the front light 200 of the operation gestalt 2 was used. In drawing 1 2 the same 
sign as drawing_6 shows the same member. Drawing_l2 (A) is a sectional view and the sensor 700 is 
arranged under the front light. The optical system of a sensor 700 is not a contraction system but 
unit systems. That is, the distance of a manuscript and a sensor is a thing small type, and is called 
the adhesion mold sensor. The thing of one-dimensional array (line sensor) or the thing of two- 
dimensional array (area sensor) is also available for the adhesion mold sensor of this operation 

[0100] The configuration of an adhesion mold sensor and the actuation at the time of the readout by 
the sensor are shown using drawing^ (B). The light sensing portion 702 which receives light and 
performs photo electric conversion on a glass substrate 701 to the bottom of a front light 200 and 
the ,1 um.nat.on window 703 grade for letting light pass are prepared in the adhesion mold sensor 
/UU. In the c ase of r of 703 i|| umination window ] a , ine sensor it may nQt be Under ^ sensi 

portion 702 the actual size optical system 704. such as the SELFOC lens and an optical fiber array 
is arranged. However, this optical system 704 may not exist. In that case, it is called the full 
adhesion mold sensor. 

[0101] At the time of use. a manuscript 710 is arranged under optical system 704. Between a 
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manuscript 710 and optical system 704, you may also insert glass etc. After the light which carried 
out outgoing radiation from the front light passes an illumination window 703 and optical system 704, 
incidence of it is carried out to a manuscript 710. The light reflected with the manuscript 710 
passes along optical system 704, and it carries out incidence to a light sensing portion 702. If it is 
the front light 200 of this invention at this time, a user can see a manuscript 710 through a front 
light. Thus, since it can be used checking a readout part, it is very convenient 
[0102] 

[Effect of the Invention] In order to lead light to a liquid crystal panel, the front light of this 
invention is characterized by using a pillar-shaped lens or a body-of-revolutionHike lens, and is 
characterized by reflecting the light which carried out incidence on a lens side face in these lenses. 
Since the liquid crystal panel is illuminated after making it reflect and bending the direction of a 
beam of light and it can illuminate from a perpendicularly near direction to a pixel electrode, the 
illumination light is used efficiently, consequently the screen intensity at the time of light source 
lighting improves, and it leads to reduction of power consumption. 

[0103] Furthermore, low cost-ization can be realized by forming a pillar-shaped lens (body-of- 
revolution-like lens) apart from a plate-like light guide plate, without processing a light guide plate 
still like before. When forming a pillar-shaped lens in a light guide plate, and a pillar-shaped lens is 
not able to form normally, the whole large sum light guide plate must be made into disposal, but 
when a pillar-shaped lens is not able to form normally in this invention, it is because what is 
necessary is to make only a cheap pillar-shaped lens (body-of-revolution-like lens) into disposal. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the configuration of the front light of this invention. 
[Drawing 2] The sectional view of the pillar-shaped lens of this invention. 
[Drawing-3] The sectional view of the pillar-shaped lens of this invention. 
iDrawing _4] The sectional view of the pillar-shaped lens of this invention. 
[Drawing_5] The sectional view of the pillar-shaped lens of this invention. 
[DrawingJO Drawing showing the configuration of the front light of this invention. 
[Drawmg^] The sectional view of the pillar-shaped lens of this invention. 

[Drawing 8 ] Drawing showing the configuration of the front light collimator sheet of this invention. 
[Drawing 9] The sectional view of the front light of this invention. 
[D rawi ng JjO] The sectional view of the front light of this invention. 

0>attmigj_l] The explanatory view of electronic equipment using the front light of this invention. 
[Drawjngjj] The explanatory view of the adhesion mold sensor using the front light of this 
invention. 
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[Drawing 13] The sectional view of the conventional prism mold front light 
[Drawing _t4] The sectional view of the conventional lancing-die front light 
[DriawmgJJ] The sectional view of the conventional lancing-die front light 
[Description of Notations] 

101 Light Guide Plate 

102 Light Source 

103 Reflector 

104 collimator sheet 

105 Base Film 

106 Pillar-shaped Lens 
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h^>f h<Dffffl^^-T= 01 3 (B) tZTfi-r^vlZ^ % 

m 2 t><Dmi* Lfcat 8 ii^ > ^y p u-j; ^ 3 vs.mz 

*v/j:*<t). ^Jtffi 1 <Dffl!l®,1 *3fetRll^ 
Alt Lfcjfe li^ifeS 1 ©±® 1 c tTSl d-esit - H 
»T*MiyilL«:A<f>. ffiisjl blC(6lANoTe»-r-5o C 
<Dt #3tliX*;KD^liJ. p U-*;K7);*IiJlCfitoTS^ 
•BSrLTU<o <fcoT6g*ftJ:y t'l^l^n&vm^t 
«1©±®1 c*fcliTS;i d t^SOl^SlcAStLfc 
3tli> «#ffilOTffil d^t,^a^i:tiJt* : r-5o 

£. ^3t«1 *^dl»tLfc3tliS»^j«S/^^5l=A 

3feiijas-t?^i9*ttiij^msr-sstLT, m;^3tffii 

»TI1 dA^t.AltL±® ! 1 cA^ttjgtLT. filffl#<D 

Bg«iciij3-r*o 

[0 0 0 6] JJl±0)^yXAS7O> \-=y>( hlr■^L^T 
li. jaST-fX^U-r-bS^-Q 8SBWttffi^^ hE-6 
(4) : SStS*^— jSSOTItffl^lSlf^^OV h^'f h 
SEtR-^f>. ^WFPD Intel I igence : 1998.9 : P22 : V —— 
fiStlMSSpoly-Si TFT-LC0^«a. Bgil/5 ha 
-fX : 1998.6.1 : P41 : tS.^Mi3 =?— 



*§. ^teWXIClDll-J-gt&ggSSj , 1999 SID Smposium Di 
gest of Technical Papers p912 TFront lights for Re 
flective LCDs Based on Light guides with Micro-Gro 
ovesj ^f<t:lc|eiE$tirL^. 

[0 0 0 7] ^'jXAl7P>h7-f KTIi. mOLWi<D 
TSlcCOi£b^o<i,ci:|c < fey s Tmx-0>±5im&#$ 

K t mm £ it & c t \z <fc y ^SSt^A<«? t> +i £ <fc => lc 
t»T?#-5„ C(D«fiEli7D> h^-f hT?l±fcl^ ■< > 

v-wtUj$=y4 \*mo>m%mz\*^ m%i&Tm\z&^ 
Lkmt. *zx-&m.ztiz>. «k»**ifc3fe«>»**± 

[0O08] LA^L^A<t>. &%:<DZf>J XLM<OZ? Q > 

[0 0 0 9] &«ffi&*£teT£-t±.5JSBI±. SI 11c. 
@1 3 (B) lc^-r<fc5lc^yXAffi(CAStLfc3fe(0- 
SPIiEtfr^tu ®5fe«1<0±ffi1 cfrt>5fc1 lA<aj&fL 

A<-5fc«)SJS*<fiT-r*CDT% C*t5M^ICIi7t3SCO>H 
ftm^^ilf^j&^fc*. £fcC(D±ffi1 cfrt,<Dfcb 

[00 10] H2l:. ##£1 rtlcAStLfc3fcA<T®1 
b*f,WatU::<^a>-^ ^3t« 1 *T-«*f -S3s*<i6 
l^CtT'&.&o COfgm. 3tfi]ffl«l*A<TA<y, ass* 

ltLfc3tri±®1 c -T01 bT?K#$;h.-2>[H]»j!><'>fc 

t^fcto-c & y , * 5 <t*»ic<f y i= < 

fc*<fciniR Li&l+. MtMSLT L * 5 C t Icfc 
[0 0 1 1 ] $3I=. ^jfcfil frt.LCDffill'VjfcaS^t. 

*tl±. ±fi»©BS#fl«»:y/h$L^aT?»3fe«Tffi1 d 
IC A3* L f=3fcf=lf 1 (Dttlctii & 3 £ £ -5 C 

[0012] »*«ii*$e*-r**r*fi»LTi*< ? 

*>ICT® 1 d^©AS*«*<«E'«rl=/h* <fty. *>t><X± 
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m^m^-r^o ft^t. ^<3>aistftii9osi->fi<ti: 
[0013] :<d^'jxai7d> ha>£/5£afc 

SLfc©*^ 35ei7P>l-7'f l-T'fe^ 01 4lc-t 
(DffifiE^-f,, 7n> M*^7t*52 1 , 3tIS2 

2. y :?l^* 2 3-e&yL #3tfiTi2 1 dommit 

10 g^ttrooadbl-fcoTLVS. 

[00 14] ?Q> h9-f>*A*TLaL^lZtt. 01 

4 (a) -e^ai-e^-r^dic n**<JS*tE© -t® 2 1 
aizAttL*5fe«2 1 Nassau x\ ss*s»jaa/<*^* 

[00 15] 7D> h^-<;h^^!lTLfc^lCli. 01 4 
(B) -e^Bl|z^-r<fc5l~,. 3tffl2 2£tti»Lfc5fete'J 

ho A3*jfcl4±ffi2 1 c <t!T0 2 1 dOffl^^SttL^e 
20 A<^. fi9ffi3 1 b\zfafr-?xm%i&2 i *5aai-r-5. 
^3t«2 1 <DrtgP^<£fitL.Tl>Sjfe«)-7*.±®2 1 c iz 

xm-tz>mt±s.M&¥t-tftet>*i\z<wc. ji®2i 

cA^^,3tA<ISi:^<b^^1•l-Ui^SCi:A<^fL^„ £fcT®2 1 
d IC A#t Ltztft<0 5 ^dbasjg® 2 4a -^CDgPJSffi 24b 

izxm L-fc*tt±fis**f*bfflf-5 c <t *</«f iN<D-e. asp 

JSffi 2 4 a -^DaaPJS® 2 4 !b An b »3fe« 2 1 <Dni=*A< 

[0 0 1 6] ffe^, dbfiB«^2 4 clzAlfLfcjtl*, •€■ 
roA^ftA^Bglfl^lJ: y t,/Jv$ < &*0>Tf. dbSPffll® 2 4 

30 czmm-thc zo&oizmmmyo^^ 1 ?* t>itmft 

*S2 1 0>_tS2 1 aA^t)fcBS^-r•^)^tAM^t^i:^^L^fc 

[0 0 17] 01 5l^-rj:-5l~. *3tt53 1<D 

TSCD^S 3 4 <D»f ^fl^ttl- Lfc^n> h^-T 

htftibttTL^-S. 0i sfDya^h^^ hommt® 
©■fiB»«*a-r— /<— «i=r*cti=j:y. affflB 

3 4 c-eTt^SiS^-a-TC^,, 0 1 5 IC fcl^Ts 0 1 4 
40 tBCaM#l*Ht»^*«;Lfc. 

[0 0 1 8] SLha>»Bs!7D>h7'r 
ASIA DISPLAY 98 : p897 l> ront- I ighting System Uti 
lizing A Thin Light GuideJ taiiXM^^ilXl^ho 

^h^-r h(7>m i <Dfflm&£MmLxi^&ztX'&z, a 

ZfjXAMV a hT?l*. 3t3SA x t> <D3feA<±.S 



[0 0 1 9] 

itm&mommz 4 cicAttLtft-efc-s. l^l^a< 

tetLXM3liZtiX^ti:l\ Xmft*£l*tl\?Zt 
it. ftt><mmni&lz*iLXmtbfrt>A!itLXl^ZkX 

Ml-. dbSJfflS2 4 cl-A»tLfc3tf£ltA^5tS2 1 A" 10 

we g3kffi2 1 ^f>3fe*<asitLic< <# 

[0 0 2 0] *§tBA0)mmit±&Ltz3z&mz?ci^ 

[002 1] 

<D&ft&<t>tL. fiJlBtt#U>X(D:£K^<Dgg|W$£e 

tifc*^ 9 o<0^9 o + e^aifc-rci^^eii: 30 

[0 0 2 2] .LE(D*|jftl=j3l^T. ttttU>X(DJKttl± 

>(~^-r hcD^ei-ffl^-r-stcDT-fey, 

[0 0 2 3] ^BP£^<DJ:J&£f*ltt<Z)¥maT?fc-£*t 

ttHftS/ <*;H?&5£S»3fc-fe U >X<DTJ£*< 40 

[00 2 4] 5fc250>!MiiTB#l*. tt3fc*<3iJfc;tS<D.t®fr 

£»tl!/**;M?>8g5£I>-lz RUB*- -So 
[OO 2 5] 5fc3BO>jS*mii. 3t3SA>t><7>3tl*3l3tt5fifl 

3tSTaittttU>XO)liiffilcA^Lfc3felitt«u>X 
l-AStt* -i>o 50 
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[0 0 2 6] tt«H/Xfl)SSr*l4«?t«<DH#r*i:Dl 

So Btf^A^CT-i&ttl^ 3g*ttt/ftttu>X<D£#fL 
>XicA£t£ti- -5c tt^ y* — * 

[0 0 2 7] AIJLfcftl*;, ±IBIHfflI^^<DPA<#*H 
4tt«U>X<Mffii:Sai:a)#ffilcA**-r-5. 114. 
01 5<Ofie3EW<D^n> h5-r h-Cli. 55^2 4. 3 4 

*nw<Dt£Kis>Xi*mTir-s<i-mzmmztLxt$ y . 
tttfcuvxrosa&ffitzfcivT. &m-£mco&n&4> a , t 

<tU BtII5atfeU>X<D^;sWa)E§ISl^^0c <kLfci§ 
9O<0out^9O + 9c 5iSfc-rf_«). flH®<!:£ 
S<h 0>#® Iz A3* L tzt/tom t Aj Iz *±5L% £ it £ C ,t 

TJSA<o< S^ffilzAHtLT. ttt*U>X^f>£iJlfr 

[0 0 2 8] *S§BJja>!$&li, fcttU^XlzAHLfc*; 

;u£HSIIfiLTU-Sfc«K tfdLTtjSEg/^U'^DA* 
«U>XlMffi-e3lfc$Slt$iti-T. 3fc<D;£|S]£f£*.-Cfrb 

mi* l t i,^ fca&. &.mwi&&' iz-^oxmn £/h $ 

[0 0 2 9] C(Dfc«). *^BJ^?li. *£ttU>X<7>8Br 

H&m fr*m%famiz&ifrr>x-t&-£-2tztemzWiif 

[0030] z<D\gmm'w£tea>w$ &miz$zM Ltz 
t<»&&tito&&n<»&$&A,tzW.&ti}<u-tft\t. m 

iSWlcl*fFiHttttU>X(D:g:S^(DBII1tftlcf|L<. ^ 
<f< £iBg?M$±3&<Dffipi::#£;h.-&«fc-5l--f -5. C 
<DMfi£[z<fcy, fflSA<0<*ttttU>X©ffllSlcAS*L 

[0 o 3 1 ] ttSBUM) 0c l**3tffiA<l$-r.5!««<Da 



[0 0 3 2] ttttU>X<Dftt5yiC, ±I3«»fi; 

[0 0 3 3] Ji&LfcJ:?!::. *S6^(DttttU>X*fc 
<H) A^S3t«fflll^(RjA''or-ri^*(6)^lc^l+t>*ti> 

[OO 3 4] 

•So 

[0035] mteteB 1 ] *SU£»Sl±flJ®lcBtt/d: 
ni/h^-f hlc|8-r-S 0 

[0 0 3 6] 01 l**H!Sff2!g<0:7a> h5-f h<Dffij& 20 
^^-TE-efc-S. 01 (A) li7a>|-7-f KOBrIB 

-ea&y, @i (b) lia'j^- h<B#H®0-e& 
y. 01 (o i*ttttu>x©^0Tfey. 01 

(D) t*ffl!lffilcSB:^spslcJ:*ttttHxX«)aBfffia) 
0-Cfe-i). 

[OO 3 7] 01 (A) IZijk-f&olZ. $M101® 
{MSI 0 1 a|C[*3fe3Sl 0 2A<ffig$*U 3fc3S 1 02© 

0 1©TIl:SLta i ;y-5i->-H 0 4A<|gltt»*t 

tl^^o zz-em$i<»m%.±. ^&«i o i<d±0i o 30 

1 cl*{£ffi#f-*tffif -5¥®£lHV TI10 1dli± 
Si O 1 cOjftffi^^-rcirt-r-S. 

[ o o 3 8 ] gftfi i o 1 lii^ftttroswfifitpitci, 
¥«T-fc y . 4 o<©<g906<&2!A<§iaicH;'<T l^lcS 

u^^T-fesis^^a&s. *5t«i o 1 <D*mi*Rr 

&3fclc*f-f £3®* (£3fc|£aigi£) i<8 0%, #£L 
<l*8 5%Kl±-CfcoT. B«T*A<2 ,/2 J:yt^U 

otto xmfktf 90 fetontzftmi o*\ 
a-emmz-ex. g3t«i o 1 wasf-&< zttfxzz 
fc&T?&-&„ *§SJfejfcSg-eiija*T*A<i . 4~i. 70> 40 
©5 Hi IC & Sit ft £ 
[OO 3 9] C<D<fcdfc3^#ft.t LTIiBSS^l:^ 
8*7Xf(01I#7X (HSr^U . 42-1. 7. S 

mm 9 1 ~8o%) ?7Xf^#8 mimm) 

&mi*ZZttfX$&. ■J^T.+ v'J t LXlt. * * <? 

$^'JU-K I»r$1. 49.3iS^92~93 
%) , tK';*— tK*— h (B*T*1. 5 9. SiS*8 8 
-9 0%) . tl'JT'J U- h (BSt* 1.61, as* 
8 5%) > tK'J-4->^;U'<>^>- 1 (Bft*1. 50 
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4 6. Sj§^9 0%) ASMS [7^7 ij □ hUJU - 
U>fi^{*] (|jfr*1. .5 7, 2I$9 0%) % MS 

[0040] 1 0 2l*Jfr«S«^LED*m*& 

*l. »7fet5l 0 1 (Dmmi O 1 alCf QtEiJti^ 
*fc 2 0<D3fcS£*J[R) lt)r ItT t cfc t>o 

[004 1] □'j>-^y-h1 0 4li-<-X^Y^A 
1 0 5£. X7<iUA.1 0 5±|Z^fT(^lB^J$tlfc 
li»(OttttU>Xl 0 6iW«. H1 (C) % (D) 

-So lftlB<D«&^±. 0 6CD4Ofl?® 

CD 5*>. 3|ffi)£fi2<J>±j£ 1 -0 6 wJ&<£**i5fl|ffi£±ffi 
106atl, T&1 O 6>x##3;*L£fig®£T@1 O 
6 b <t L. ffl 1 O 6 y „ 10 6 2 a<#$;tt&ffl9@£ fl)S 
10 6c. 1 O 6 d i:*r*;o 

[0042] u hi 04icfci^r. ttttu 

>X 1 o 6 li^— x 7 ;ulz* 1 O 5 IZT® 1 O 6 b 
LTI2S£*iTl^ 0 =J"J>— h 1 0 414 

11106a 1 0:1 o)t® 1 o 1 d \z.mm-th 
>xioe 1 0 1 ittomizitxDmnz 

[OO 4 3] ^-X7^M1 O 50>*r*4lZ(*P ETW 

0 1 tmc<* Rraatiz»y*aa* (^*«aam) 
1. 4-1. 7<D«Hiz*»«»*a^; 0 ±aufc»* 

«1 O 10)«ft^ffllN*CiA<-e^4o ADX^fli«(DA 

x 1 o 6 a>»»f*3i3tfi 1 ]0 1 (ommm t n c \z & « * 

5I3S«-T^ 0 C+LlittttiuVXl 0 6t»3fe«1 0 1 

[0044] **|fi»»-ei4tt«u>xi 0 6<o«^ii 

1 0 5(Dtt^l*PET£Lfco 

[OO 4 5] l^JLT. @2^'ffll^T. 3»J>-^y- M 
0 4 0>«lfig&t/ttttU>X;i O 6(D^ttlZOlNTl»B^-r 

So 

[OO 4 6] ft«1 0 2*jftiTLttl*»£f4 % n*36<» 
ptffil O 1 CD±®1 O 1 c'^bAMtio xm^tzm* 

^;>— hi 0 4£a>Lfett« 
J5S*^LCDT*SS*L. *fc=3»J>— ^ v— h 1 0 4. # 

*«ioi £SiSLfc&. fi5ffl#a)ai^izi»ia-rs 0 

[OO 4 7] «|1 0 2*AiTLfc»^tt. %3B1 0 2 



11 



(7) 



4#l§200 1 -5 1 272 

12 



0 i a ^^igjtte i o i Att-ts. mtm&w. 101© 
±s 1 o 1 c tin o 1 doraif^s^L^c*<t>aia 

[0 0 4 8] &$.frt>Mmi 0 1 al^AWLfc3tA<«3fe 
fifflT1 1 0 1 d (Xli_hffi 1 O 1 c ) ir \%t? Zt Z 

(DKmne, \t*.*)\,o>&mtm$bi&.i o 1 <d^h^m 

JKtfc (BfffiA<g*}K) fr*. 90- 0c ^0i ^90$ 
jSfc-To 9 c l*£§UC**-r-5®3fc« 1 0 1 <D±S.m<D& 

j?ftr-a&&o ^fifflssi o i aizxmfk9om.vxm 

Lfcjfcli-tSI 0 1 c (XttTffil Old) lcAStft9 
O-0c X'XtStL. WI10 1 al-ASJftOgT-AltL 
fc3fcli_tffi1 0 1 c (XliTSl Old) lCl*AStft9 
0-eAS*-r£Ci:^t>. A*t3 0i (DffifflA<»fr*t£<, 
[0049] Attfc0i A<BS#M$0c J:Ut.:fc£l-tti 
If. #1 2 1 1 O 1 <Dik%.m-e±5.9tT 

•S. Hftfi 1 O 1 (DMVimi* 2 " 2 (sin 1 45) J: y =t 
A^lMDT?. 0c If 4 5JSJ:y cc-eA 
W^0i ifeisft 0c «t y*£iN<z>-e. t® 1 o 1 d 

(Xlf±ffi1 0 1c) t-£%<D%t%-W\~\%t^tz%\t± 
SStStl-S. C<Di:££DKStSlfAltft0i lcS?L<& 
•5. C<D<fca(-*3tffi1 0 1 <b±W 10 1c. XliTS 

1 o 1 dicfcivc. •£.%t<r>i$Lmm-e±ELm&®iVm\~ 

Utfih%M-\ 0 2A^^>fl)3feA<»^fe«1 O 1 rt£fci»L 
T. ffi«®1 0 1 a A^fiHE 1 0 1 bttlt^Ct^t 

[0050] *ft!6JJ2aga>ig^. Steffi i o i J7fj 
JU (B8r^l. 4 9) ^BLfcO)t?. Bg#M5 0c IfSto 
4 2j£t?fcy. »#«1 O 1 ©TS1 O 1 dXlf±.® 1 

0 1 c icAlt-r&ftOASJft 0 1 l±4 8<0i ^90£ 
iSfr-arlfJ;^. 

[005 1] H 2 5 (=j*3fc«1 O 1 ©T®1 O 

1 dlcfc^T. ^atOft^ffilcAStLfcpfel 2 1I*£ 
SStc^tl-S**. ftttU>Xl O 6irOTffi/te®lrAStLfc 
3fe 1 2 2littttU>Xl 0 6dp|^A*t-r-5)o tt#U>X 
1 O 6(DJHSr*l*^3feffi1 O 1 tmLMztb. it 1 2 2 
<Z>E1iTftlf A#tfc0i lct?L<. 3fe 1 2 2 If B#f£;h.-r 
lctt«U>Xl O 6lzA*t-T-i). 

[0 0 5 2] Ml/>X1 O 6lzAStLfcit 1 2 3 lift) 
■ 1 O6dl::A*tS02 T-AWLT, -?-C-eSSt*+t 
•S. C<DSIt3tl±Tffi1 0 6 blcA«ll0 3 T-AI*t" 

&„ cct-> 02 liisi 06 dnmmtittmtftz-tft 
r-fcy. 03 liTSi o 6 bOT&fgi: r-fe 

[0053] mmi 0 6 d-e<DSSti;«ty. AStft0 3 
i*ssi~»-r-sttttb>xi 0 6o*s»a>BSssi«<fcy 

t'J^l^Jtl-fc-oTl^-Sfctf). tttl/>Xl 0 6fl)T 
SI 0 6 blcAttLfcitl 2 4li^tB4CcrA<orffi-efc 
-S. ftttU^Xl 0 6(DT®1 0 6 dfrbttimLtzmt 

&.mwim&/t*)i,zmw-rz>„ Atta-eAitu cost 



M04 t «3t«1 O 1 £&iBLfc&. ffi»l#(Dfigi*lc 

[0054] *mm&mT')t. mtu^xi 0 6<daiib 

106d (10 6c) T-ftl§£J53t£t!--Cfr£>. 

*;u£HB(i8-r-5<fc-5icLTi*-&(D-e. ja6/<*JI>^<&A 
<?--5>c c<D|g£. ftg/^u 

io [0 0 5 5] ±2LfcJ:5l:. il106d (106 
c ) TRW;* -t*-fc3te£ J; y jK*t*lcjM/fcM,|:UI < ic 
I*. tttt U>X 10 6 (DfiOiS 106c. 106d "Ca>S 
**/£W*<, SigfcjKlf^EStStMxIf.*: 

jut. ±iSN$««/ck>a>ft#i=ok\r*ji«. 

[0 0 5 6] ±^Lfc«fc^ic. »3fc«t1 O 1 ttt«U> 
Xl 0 6i:<DJS#S (ttttV^Xl O605±®1 0 6 
a) icfcMt&AStfc (StfESift) 0i <D©Hlf. 9 0 
-0c^0i S9 0^j5>-5.'-75. ttttU>Xl 0 6© 

<n® 1 o 6 c ( i o 6 d ) ^(oxmn 0 2 tfagsucarr 

20 £ft«U>Xl 0 6±SW(0BiSftia±T*feHlf. ftlf 

ffi9s 1 o 6 c ( 1 o 6 d ) T-^s«-r-5„ 0 ctm-eft 

Si o kdhum0cI=«i.<. ^s»t$-e-^(=tt0 c s 
02 $9otms.^h*i^i^ 

[0 0 5 7] CCT-, tttfcU>Xl O 60>mmMT-&& 

wm-&mo)&n4>°ut tLtz®& % 02 \tm^<D^m 

9 0 + 02 =<*out + (9 f O-0i ) 

zmtzL. 

30 0 2 =<t>ovt —0i 

[00 5 8] :ct. 03: (a) iz^-r^ otzmm-tB 

©Itft^out =9 0. O^y ^«ut =9 0 + a ( I a | 
«0) 8«U>X1 0 6<D±ffi1 0 6 alz 

A#J^0i =9 0- 0c T?A»t"t-g>3fe 1 2 5 1 O 

6 d (10 6 c) -^<DASt^02 =a + dctU^(0 

Ii106d (1 0 6c) T-±&.m-?h 0 L^L^C 
*<b. 0i >9 O-0cT?A8*-r-53fc1 2 61*. ffli|®-e 

<»s*t^0 2 <0 C ttt&tztb. ikmT-Tii-riioizmm 
[0 o 5 9] ^Ki^a>«$ft(/.out =9o + 0c 

^g^-Ti.. ±@ 1 O 6 aK<DA&t£0i =9O-0 C 
<D^#I*. <ffl® 1 O 6 c . 1 O 6 d 'Nfl) AWS 0 2=2 
0 c cr&-i>a>-C?. ttttU>Xfid® 1 O 6 c . 106dT 
££&tt£. 0i =9 0a»'«t#l±. AStft02 =0 C t 
tt&(DX'±&.$j-rZ>o o^iy 0«it =9O+0 C -C?fetl 
I*. tt#U>X<ZHIQS 1 0 6c. 1 O 6 die XmLtzift 
li^Rlt-T-So 
[0060] il^ @3,(B) Izm-T&OiZtfioui s 
so 90+ (90- 0 C ) JSStS. -^®^T*^LfcJ: 
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: 5ic0out =90+ (9o-0c ) (om^\t. xmne 
i =9o-a c <Djti zio%m*mwi5W*<r>mtw?T 

|C&£ 0 «tot, 0out >90+ (9O-0c ) <Dk$ 
it. Al*ft0i A<9O-0 C ^ 0i <<t>out "C±®1 0 
6 alCAIt-r*3fel*. ft«U>Xfi5S 1 O 6 c. 106 
dV&m£tiTlzTm 1 0 6b^btiiTL*^o 
[O O 6 1 ] JU±<DC£:^t>. ttt*U>Xl 0 6(D|@ 
106c. 1 O 6 dX*?!t$:&m£l±Z>IZ\t. 9O<0 
out <90+ (9 0- 0 C ) . <fcy#£L<l*9O<0 
out ^9O + 0 C (0c <4 5(D«^) cr-T-So *H*6 10 
^®CDif-&(±. 0c =4 2St?^(Dt\ 9 0<</>out 
<90 + 48. cfcy»*L<fi90<*out <90 + 4 

[oo6 2] mmisMostfttout £>h£iM£5*<M£ 

4x*:3fcli=i 'J>-£ >— h 1 0 4|zAI4-r£ 0 S3 
(C) Vltffim<Dtztb. 3'J>- 5«y- M 0 X 
3?<;UA1 0 5T*(7>B#Hi«8U Sttl/>X1 0 6CD 
TI106 b^0>Altft^0Jgi:-r-5o tt#U>Xl O 20 
6P^[zAS*L/c3fea>9*>. -IHuf 1 O 6 c. 106djg 
&?fc1 2 Sit. tt#U>Xl oetsa^a^t 
<7>^i^tc^ffl®r*B»r$tiT*Mb^3t«i o 1 izxm 
-r&a>-c. u«^<b(7)jia<t^^ 0 — ^ _h®i 06 

a 12 9li, fittU>Xl0 6 t 1 

O 1 crBtt^<DMA<^l^^H»r$*t-riC^5tSl O 1 

KASt-r mm<o^it\t^cu^ 0 z<o&5\z. 

[0 0 6 3] fittb>Xi 0 6<D$5[£i*&l?£fli 30 
-Tilci** 0out (*9 3&&L±t-tZ>z:ttfm 

[0 0 6 4] UTF. ^P^fl^(7)«ft0out 
T. SttU>X(D»SWX^IttSo 

[0065] m * iz&mmt$m<D&ft<t> a*t tmni^s. 

l^ii£<7>tt#U>Xl 0 6(7)Kt®^^o MtetolZlt. 
(I) out =9 5gc: L/ri§^<De#U>X 1 O 6 (D^WI t 

ftis^xmmx&mz-eztzsbizit. ^zi^xmmeu ao 

T*AoT^fc3fe1 3 1 T*&oTtttttU>X<D<ffl®l^^ 
fc&£l*;Kli£&fcl\, J;ot, M>wi/tan0n =wi/ 
i.ii<&g|&£^fci*i£<*a\> ::t\ 0n=48g-c?fe 

[0 0 6 6] *£l*A§tft0i2 T'AoT^tc&l 

32|COUT#*_£ 0 CCT?$6S0out #9 O + 0 C /]* 
£l^o <fcoT. A8*ft0i2 0>*£l^1 3 2lt *<DH 
ftJ^A<ttttU>X(Dtt«U>Xl 0 6^igiiLTL^ 
5o -tC0S5SLfc^«0>tt«U>Xl 0 6 CIA 

ktLxL^ot. BLm •mmzmv&Ltz&. si^fii so 



0 1 \zmv. otx|cli^ffl'*flfllzffiTL* ?tt£o>7A 
3 3liK<DttttU>Xl O'ei^AltL&l^dfcr*:: 
[OO 6 7] *<Dtz#>\Zit\. T1^H1*tan(0out -0i 3 ). 

c:t\ 013 (*0i2 3t 1 3 : 2<7)<M®-e<DJB#rft-efcy. 

1 x S in0i3=1.49x s in (<£«* -0i2> ^iS/rfo L 
frLUtf*. AS*ft0i2 =;9 oa<Dii^tt0aut ^9 0 

mz&<t££tmmftenp<omzfi:<t < iiZ > tz#>. zo> 
-f$>mm\ztt'#>zz>zmtj:i\ 

[0 0 6 8]$C, S6ft0put *<*#l*il*. 0out = 1 

32s (9o + 0c ) (D^p^ms^mi^x^mno 

0 5fittttU>X(Dffl*»fpS-efc*o 0 out = 1 3 2 

i*$*l&(dt% 8«i/>x ; i o 6£fl^lPi£fifJl-^TKB-f 
[0 0 6 9] ^iCttttU^Xl 0 6<7>ig£H2l::o^Ti$ 
^So *U ig£H27b<<£lv<htt#U:>Xl 0 6fl5®lzA 
$*L£:i^*<#£-f & e ^&#l**<7)f;£«#U>Xl 
0 6 0>T@ 1 0 6 bfr&'t— X7<f JUltl o 5 |C AStf 
So LJ^LfcA*^— X^-f O 5 t&$i.t<Di%& 

U CO>JS«*3t^(7)**^Sl 0 1 ^MtltfPp^®(* 

ttt^<. i^^-eftttu>xh o 6icAI*Lrffl?®-e(7>J5 

oxotem^zw-tztztbizit^ tztTL'i^^xmfie 
21 -ettttu>Xi oei^AktLfcatr-fcort,. attu 

>XI®106c, 1 0 6'd(Ci5-r^fc^J:5lCL^Jt 

[0070] Tr&tztblzti, msiZTT.-f&oi-^ Altft 

0 21 = 4 8 (Dft 1 3 4 0^^<lflffll^^CD««*|IZ^+l 
(Sfi<. ^<D5Et^SSS-r^>0^<fc^ o H2=(W2+W3)xta 
n(9 O-0 2i ). CCTr. W3=H2/tan( 1 8 O-0out )X*$> 
&o AMftOz, =4 8&£iftAU 0out = 1 3 2g$ 
ftALT. tf3£>B£-r&£. H2=4. 7 6Et4y, H2 
^*^-r-S^W2<7)g®<S3b<^-e^^ 0 
[007 1 ] titz. tttt UiyX(D±@ 106a (D^W. 

h (ji® 106a tTm 1 o 6 bwomw . e»> 
f p (tg+ffli) (i. «3fe«i oio)ll$^j (is 

x«t(D^;£) ^l^tttc#-r*o ttttU>Xl 0 6 

1*1 0/im(Dt-y-c:U 10-50/imglttt 

A««<ft*fc«>. t°7fPI±10 0/ima)t-^- 1 
0 0-5 O 0/im(Dffiffl<t'r+i(f cfcl^o 

[0072] 2 i *ns6^©f*. xi&»n 1 
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dugout =90+ (9 o-0c ) (Dmsi*. xmne 

IC/jT&o lot, *out ^90+ (9O-0c ) <Dt£ 
\*. At*ft0i ^9O-0 C ^0i <0out T*±®1 0 
6 a fCASt-TSftl*. tt#U>Xfi9® 10 6c. 106 
d-ej&S*$*t-riCT® 1 0 6 bfrt>ihXL&Oo 
[006 1] &L±0)^tfrk>. ttttb>Xl 0 6<7)<HS 

106c. 1 o 6 d-r?3fc££S*£i*£l::!i. 9O<0 
out <9 0 + (9O-0c ) . <fcy#*L<l*9 0<<*r 
out<9O + 0c (0c <45(D»&) tt4o *Hi£ 10 
Jf£^(Di§^l3\ 0c =4 2StfeS0)t, 9 0<*out 
<9O + 48,<fcy»*L<li9O<0out ^90 + 4 

[0 0 6 2] ^M^(D$6ft0out £>h£lM3:5*<M2: 

tifc3tfi3«;y-^->— h 1 04JcAS*-T*o E3 
(C) ^l*fgi|i(7)f::#K a'jy-^v-h104/<-x 
^<;uai o 5-r?<&H#f(**BiU ttttu>Xi 0 6(D 

T® 1 O 6 b^CDAmft&Omt-tZo ttftl/>Xl O 20 
6WlcAltLfcpfcO>5t>. ffl3uf 1 O 6 c. 106d^g 
i§-r^3t 1 2 8 I*. ftttU>Xl O 6ir^a<DSSr*i: 
<7)®l^<Dfc^^)^M®-eBST^F^^TA^t)*^ffi1 o i izAt* 
■r*0>T?. S«^{bOJSHi:^*o -Jd. ±®1 0 6 
a^Sifi-r^3fe1 2 9 I*. ftttb>Xl 0 6<k^fcfil 

o i <bJSSf*a>^/)^d:t^fc^S»T$tiric^ffil o i 
[0 0 6 3] £fc. ttttL/>Xl O6 0)SiSli*iJffl 30 

#*>-r <-r sens. <^out i*9 3jtja±<t-r sc^ii 

[0 0 6 4] iUT. ^Iffil^^a)*6ft0out (7)^^^^. 

[0 0 6 5] @4|Ctt^Kl^<Daft0out *<lSftlCifi 
l^i£-(Dtt#U>Xl O60ffi®5^to 
</>out =9 5S<l:U:S^ettl/>Xl O6 0)igW1<t 

ttu>Xfflsr*sit$-t±*fr^(cii. /jx$i^A§*ft0n 40 

t*Aot#fc*1 3 1 T*fcoT*ttttU>X(0<!@f::^ 
yc^^lt^xlf 3Sh>^t^o J:ot, H1^»1/tan0n =W1/ 
1.11(7>M&£Sfr-ei£<J:^o CCT?, en=4 8tt?fe 

So 

[0066] yuz % xz^xmneu xx^x^tztftA 

3 2lCOtNT%^-5>o CCT*£W5 0out #9 O + 0c /J\. 
£l\> £oT. A8*ft0i2<0:*£l^1 3 21*. ^(DR 
IW^a#U>X<7)tt#U>Xl 0 6£3iSLTL* 
5 0 ^<DSSL/c3tA<B5(7)ttttU>Xl 0 6ICA 

UttLS5 <t . -HSr£JgyiILfc«. 1 so 



0 i izmv. ^\z\tmm%m\zmx L^^uifo^m 

3 3liRottttl/>Xl 0«lzA!tLfcl^5l::-f 
[0 0 6 7] ^(Dfc^lzliv T1^Hrtan(<£out -0i 3 ). 

cc-e. 0i3ii0i2 5fei 3 : 2cDffliiffl-c(DB»rftr*&y. 

1 xsin0i3 =1.49xsin (<jj>out -0i2> ^ffitz-fo L 
^L*3&<&. A^A0i2 =9 OJgCD^ii^out *<9 0 

Sitafi<^>&t)i^0i3»<ojsfcia<^4/c^. ci<d 
^FH^ic^dt. rapiTi^«ic*^<^orL*5c 
ticks* &^xmmmz\*mmi'\ : £:x*zztzi+*i$< 
Tzmmztzftzz&mtei^o 

[0 0 6 8]*C, SEfttfout 7b<*£^*§^. 0out =1 

32s (90 + 0c ) (Dmtszms&m^x^mTZo 

BSIittttu^X^ffi^Brpar-fc^o 0 out = 1 3 2 

at£*xS<D-c. tt«u>xji o 6^rapm^gBitTKS-r 

[0 0 6 9] #UcttttU:>Xl 0 6(D^^H2ICOInTkE 
^<So tL, ^£H27bM£lv£tt#U>Xl 0 6{ffl@lcA 
l*L*l^<#«-r^>o ^<D3feli-t(7>^*ttttL/^Xl 
0 6<DTDl1 0 6 b^b / < L X7-fJl/Al 0 5 IZ A8*f 

U ca)Sltmo)S*iMi o i ^Rtufnili* 
fet^^^*l?ttttu>xji 0 6(cAI*LTfij®-ea)Jg 

0><fc ^ tt»£**t*fcftlztt % fct l\Mt« 0 
21 tttttb^Xl 0 6l:A^Lf:3ttfeott, ttttU 
>Xlno6c, 1 0 6;dlc^&^ii3*:S£?|zLS:lt 
*U^£:£>fc:l^o | 

[0 0 7 0] *<DtzlbtZ\t\> B5l=«rj:?lc* A*fft 
0 21 = 4 8 (Dft 1 3 4 <»%tetfmmi$T&<»ttftmzt±1x 
l£ft<. #<D:S£®£rS&^#&So H2=(W2+W3)xta 
n(9 O-02i ). --"C. W3=H2/tan( 1 8 O-tfout )X& 
ho Altft 0 2i =48gjkAL, *out =1 32S5 
ftALT. m&m£-r£t± H2=4. 7 6Kt4«, H2 
^^^-r * <t »2<7)g® fl^^ ^ £ o 

[007 1] ^/i. ttttU>XO)±Bl 0 6a(D*gW. 

(±@1 06a^TEi1 0 6bMI) . t^V 

(iis+raiB) i*. matfai o i ornz m 
x«ta>^a) ^i^t«c#-r^>o e«u>xi oe 

1^1 O//m0)t-y-<l:U 10-5 0//mlg<tt 
So tf^^P*<«t^. ^311 O 2^t>HtlSf5<h:SJS 
e7fP'tt10 0//m(Dt-y- 1 

oo-sooi/ m<nmmtTtH\£&i*o 

[0072] mmmmz) *mib»mt+ mmmm^ 
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mW1$i&<D$bft<DJz£Z\Zj:'oT. fijffi 1 0 6 c. 10 

6 dizxmLtzm<mmLXL^iK utmmttomzTH 

(DMmz^tzV. fro±j5lt£tt&C<t*<l*t6fcU>X 
[0 0 7 3] E6li*Hi6^Sa)^P> h^-f h<Z)«j£ 

^^-r@T:fcy. 06 (a) it?o> v=?<< Y<r>ismm 
-cfcy. a e (b) li^u*-* v-ba>&M£0-efc 10 

y. 06 (C) l*ftttU>X(D^«@T*fcy. 06 
(D) littttU>X(7>ffl!l®lcM^¥®T^otca»f® 

[00 7 4] *HS6^ffi(7>^a>h^>r H±MK»tti 
a)tti*u>x^^Lfct0r*fcy. ftfea>m^i*^i:T* 

06 (A) IC^-Tck^l^ ^«2O10)lffi2 

01 afZfi3fe3S2 0 2^KS$tl. 3fc35 2 0 2<Z)1f&IC 
liy^U^^2 0 3A^lti^>^^rl^-So I%ffi2 0 10) 

* 0 C C T?lSi^a)fllfi±. ^3fel£ 2 O 1 0>_t@ 2 0 1c 20 
l£{£JB#IC*m-f * U T®2 0 1 dl*±®2 

0 1 c<Z>2*ffi£<*rci:<i:-r-So 

[O O 7 5] ^;fc«2 O 1 lilt^ft:tta)S^««r*^^ 
¥ffi"Cfe^o BP*. 4 0CDfiH®^S2lA^2HCJt-<T^ 

2 0 4 (i*— X 7 -f ;UA 2 O 5 t . X 17 -< IV A 2 O 
5±(C^fffZ. HKH-CgB5lJ*^«SS(7)ttttL.>X2 

o 6<t-e&£ 0 

[007 6] 06 (D) IC^-f <fc5l^ ttttb>X2 0 
6<D®r®(i^ffil^^a)P^ffi^tt(zL/i. 4 22T-ffl£*t 30 
fct«ifc5o fiP^¥*T*9-e#£*t2I2 O 6w. 206 
xt. i»206y, 2 O 6 z SET'S £*Uc0 

»-C*y. Sia206w, 2 06 x(D^^t«2 
0 6 klZ^^^CS^T'fe^o &fc\ Ift^CDS^Ji. tttt 
b>X2 0 6(D4OOT0)5*), Hlg2 O 6 wA<^£*t 
Sffl?pi^±®2 O 6 a t U IS© 2 O 6 xtf<£3itlZ>W 
®5T®206b^L, ft8206y, 2 O 6 z 
*L&ffl9®£flM®i2 O 6 c . 206di:tl>o 

[0 0 7 7] □'j>-^y-h2 0 4lCfcUt, ttttU 
>X 2 0 6 (i X ? * 2 0 5 IcT® 2 O 6 b 40 
Ltl^o □ , J>-^y-h204li±S206 
aA«*fi2 0 1 (DTS2 0 1 d Izgg^-T o iz&if 
£>*LTl>§ 0 X7<JU2 0 5 t&mm&&'**)l' 

it^Li t mm^itu<xt^i^. a«u>X2 0 6 

[0 0 7 8] 0 7^ffl^TaBr®O>^tt^|ftB^-r 

£0 07 (A) (Z^-T<fcdl3. ttttL/>X2 0 6ti3t 
«2 O 1 0)mM&<DXWO>&Z: AttSo o*ySKS 
l^fcixr. E8206wift8206y^tSS (11 so 
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j5) jAit^o *LTte:£<B&*|2 0 6 z<7>ffSCDjS 
^B<b-r*o i«2 0 6zlt iSB-eCOajgE F^iSli 
A B*<^-rftJg^ott^«^«-r4tt4*Lx>X2 060 
±£lftf>Bg?MI0c Kfc£>£5l::-f £0 fill*. ft!92 0 
6 zl±JiiBCDii^^»fc-r^BA<0< ^©T'^^cfcdlw 
■T^o i«206 y lilt© 2 0 6 x . 2 O 6 y 0)*^^ 
£fc£lS|gl::*tLT. ft©2 0 6 z *Stft»«|Lfcta) 

[00 7 9] ftttUyX2;0 6 0)tRlJ@7 (A) |Z 
i: J: y; 07 (B) IC^-f £5^0 
7<7>±®2 0 6 a^t>AttLfc3fc1 4 1(Dfi20 6d 
(2 0 6 c) IC#-f£A£*ift 0 41 1*0 41 >tfo ^aSTr 

-To ^0 = 0 C t*fc4(DT\ 04i>0 c £<fcfc: 

£ 0 Z<7)^l?3£l*±®2 O 6 afr£>AS*L*:3fc 1 4 1 I* 
£T{M®206d (2 0 6 c) ICAWU Aoi®2 0 
6d (2 0 6 c) T*£J&«^£C<t £^LTl^ e If} 
*>. ffl«®2 06d (2 0 6 c) T'g^-r^pfetffcl^ 
tfK jfeWfliaWtflEttfCjEX fi«2 0 6 d 

(2 0 6 c) tJ5»$tt^b, ftttb>X2O60n 

[0 0 8 0] *^S6fl$®oittttU>X2 0 60)t?V* 

p. ig^ h. ±®206 a pttwasitK^ffi 1 tmmz 

-TttlSJ:<. t°7f Pli1 00-500//m, ilifH, 
igWIil 0-5 O vmt-THli&^o Sfc@7 (A) (- 

"7-y>?JtlLT, 0p = 0c ±3fg.<D&m\zfoti 
H&IK mz.it. m%&2.0 1 % SttL/yX206j7 

^y;ur^®{Lfcii^ici^ 0 C i*4 2g-e&£co-e. 

3 9^00 <4 5(7)KfflT*fetl(iJ:t^o 

[0081] immi&m 3 o sukj&s 1 . 2-ci£=iuy 

-^i/-h(ctt«u>X^ffliAfc^. *Hj5fe^®T-l*IHj 
&<*#<DU>X£^£0te^-f o *MtKttl*ft)KK 
K2fl)3«J^-$v-KD;t^«ry, ^l*H!fi^2 
irf^filr^^o 0 8lc*H^®(7)ny>— >y-h$ 

[0082] 08 (A) \Z7jk^-^o\Z^ PETT'S?)^ 
— X^^;UX,3 O 5±lCls]fett:ttU>X3 O 6 b<m$ffi 
(cSlfP>tirfcy. *fclElte{*ttU>X3 O 6(DJlS3 
0 6a7!)<3^ffi(DT®l^®^$+lTSltt>4x^o t*^> 
A/@^i*ttLx>X3 O 6 tBftmit^CtiftX-itmZft 
ho 08 (B) \Ztt^& Z>iZ^ lHl^(*ttU>X3 O 6 
it. 06 (D) ^07 (A) lZ*?mftfttiimM£*ift 
W2.0ek(Dm i )\Z®&£l*:tz : b<DXfo&o ZCD&oK 

i&mzTzztiz&i)^ mmMB2tmm. isitettttLx 

>X3 O 6<DJlffi3 O 6 a^t>AltLfc*^fiffi3 0 6 
cX5.m£i*:XfrZ>. Tffi'3 O 6 b^^aiSt^tir^Ci: 

[0 0 8 3] Xfl|»ffii % :2(Dattu>XTMi^o>^tt 

a>fc^SR/3(fi] (01 (a) .06 (a) <D&mzmm. 
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fc7Jfi) T-f±:fc£Hffi$-t*&C±:A<-e£fcl.^ *SIJfi 
IslSft:ttU'>X3 0 6a)ES$a®ft-r-5Ctl;j: 

[0084] mmrnB*] *mi&i&mxit* 7P>h 

^«SCOt<D^ffifflLT^fco 09UX £t/ff$<D4l*K 
[0 0 8 5] g#t54 0 1 iCfcl^T. »|6j-r-6ffl®4 0 

ft£fc$fcu2o<©ftA<iM-efe.&£fl2-<?fc.& 0 <*tf 
«2<d®*;«4 o i ^3t«4 o 1 o>mmt><&%t£ 

IfefeoTt. 11114 0 1 aji^AttLfc&li. 3l3t« 

4 0 1 *££«LT^<&4^&*fz*wfjTi^<„ 

iffct>. ±®4 O 1 c tT54 0 1 d(©F^T-S»^igiy 
lit"?*.!::. ±ffi4 0 1 c-lf>T®4 0 1 d^<DA$tfk1)< 

JR. ±14 0 1 c-tf>. ttttU^XirftLT^&^T^ 
0 1 dAN<t>*,3tA<n^ti5Tl^r L*5. tot. ffiffl 

#ffl!^t3feA<airi'>ofcy . ttttu>x^<7>Aatftts 

<$^i*fi4 0l5fflL»5wili, fc*yS*L^ 

[0086] [jttfcKS 5 ] xmrnMUt 2 © 

01 0(c*3IJ6^ffi«>7P> K^-Y h© 

iiE^Tvt. ii oizts^xm6 tmcmmtmcm 

fS.^M^Tp'to 30 

[00 8 7] HJ6)K|g2-eiittttu>X2 o exit^m 
wix-mmLtztf* i&tox>cDmi£tf*m-izuz>-5!mte.j)< 

-~fb<Dfctf>lC. El 1 0 (A) dipf <fc 5 IC 

2 0 6£3fc3S2 O 2fr&JIfe*(2£mijiettf::r:h.(*£ 

nx-om & £ «&— f b-r s = t # win? & 

[OO 8 8] fcfc. HtfiJKSS 4 . 5l*HJ6^ffi2<D^ 40 
[008 9] [5t!£ffi5®6] *HJ6^^-ei*3 U * 

ttlciittttu>>e (®^<*ttu>X) f<-X7<;i-A 



• 18 

[0090] &L±<DZtt?'m-£x.Z>t. ttttU>X (0 

[009 1] [hjs^®7] *Lmmo>yn> h^-r h 

#-5„ 01 1 lc*sgB^<D7;D> y=54 htt%*S.m§£&i% 

[0092] Hi 1 (a) vt;un>t*i- fix- 
toy, uvurfu-nv^ 

200 1. m&\*}i$2 0 0 2. 7Q>h7-( 
tt£jM./<*JU£ffiLtfeS;*£S2 0 0 3« 7f?-K 
2 0 04-CMJW. 

[00 9 3] 01 1 (B) iit'ft^^^fty. *<* 
2101. 7D> h^'T K*t£K8t2>&SA*JU£ffll* 
fci*g!2 10 2. ^|\73gP2 10 3. SffX-T-y 
f2104. /«7f U-2:10 5. g^SP2 1 0 6ti 
fi££*L£. *fllBI*S^S2 1 0 2lC®ffl$+Li, o 

[0094] 01 1 (o \tm&mm$&ixtov. *«; 

2 2 0 1. ®«A*SP2 2^0 2. S^SP2 2 O 3. 
X-<^2 2 0 4. 7P>>7-f h##S«*Sj«S/^ 

[00 9 5] 01 1 (D) lif Uey-A*f;l*eft 

y-Afc f wm+m&mmxtb y . c p us? ©s^-mss 

2 3 O 8 . IS^iil* 2 3 0;4 t* *<}S8?*lfc*<* 2 3 
01. 3> ho — 7 2 3 0 5. iiSE2 3 0 3. 

2 3 0 1 IC«S^*tifc7P> h7-f hM^SStMjflES 
/«*^itgl2 3 0 2 $^Si2 3 0 

3 <k*{*2 3 0 1 IZ^cfy^Htzm^mz 30 Zt 

L. «#^ilja^StL;TlB^JStt2 3 0 4a>1««^ 

s^L^y. t^<&i&tt#fe£g5*Lfcy. s£t^^*^'^ 
^•t >-y— ©ttflg^ nm Lx m&mt r * c 1 1 -c # 
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